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In the past 50 years, and especially in the last 10 years, many investiga- 
tors have been studying what may be called the mechanics or the dynamics 
of the circulation. The physiologists have succeeded in clearing up many 
disputed points in their work on animals; the clinicians have solved, by 
purely clinical observation, many of the problems which have arisen; and 
the physiologists and the clinicians together have studied many of the ques- 
tions involved, by experimentation on human beings. Of the mass of in- 
formation thus acquired concerning the dynamics of the circulation in man, 
much represents isolated and seemingly unrelated facts; some of it repre- 
sents correlated information concerning many factors and their interrela- 
tionships. But confusion still exists, and this confusion arises from several 
sources: (a) lack of correlation in the study of separate functions; (0) 
lack of accurate methods of measuring some of the most important of these 
functions; (c) lack of uniformity in respect to the conditions under which 
the observations were made; and (d) an apparent failure on the part of 
many investigators to appreciate that there may not always be any constant 
telationship from individual to individual, among the various functions 
concerned. 

Within the past 10 years, relatively accurate methods of measurement 
of many of these functions have been developed. The velocity of blood 
fow, for example, can now be measured with great accuracy by several 
methods. The venous pressure is capable of measurement by the direct 
method to a degree of accuracy sufficient for our purposes. The vital capac- 
itv has been known as a very accurate index of the efficiency of the cir- 
culation for many years. The measurement of the cardiac output or blood 
flow is, however, still a controversial subject. Many methods have been 
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developed for application to the human, most of them depending upon re- 
breathing for their performance. Between these individual methods ther 
is not complete agreement in the order of the figures obtained. With all 
these rebreathing methods, accurate results are not possible in the presence 
of severe congestive failure, so that although unquestionably accurate in 
other conditions, their field of usefulness has been limited by this drawback 
Hence, a complete understanding of the hemodynamics of the circulation 
in heart disease in all the various states of compensation and decompensation 
has not been possible because of this limitation. 

With the development of the dye injection method of measuring the 
cardiac output, we believe we have a method which accurately measures the 
circulation, even in the presence of severe congestive failure. We present 
here a study, based on this method, of the hemodynamics of the circulation 
in hypertension, with data concerning the changes that occur in its various 
functions as congestive failure develops, even to an extreme degree, and as 
compensation becomes reéstablished. We shall also show the relative effects 
upon these functions of rest alone and of rest and digitalis. 

The technic of the dye injection method and the evidence for its ac- 
curacy have been reported elsewhere.’ Briefly the principle of the method 
is as follows: A dye (brilliant vital red) is injected rapidly into a vein 
while simultaneously samples of blood are collected from an artery (fem 
oral) into little tubes arranged around the outside of a rotating drum. Th 
samples are timed and the concentration of dye in each successive sample 
is determined colorimetrically. From the resulting curve of concentratio1 
plotted against time the cardiac output is calculated by a simple formula. 

Figure 1 shows a series of curves obtained in this fashion. In this 
figure are shown a typical curve obtained from a normal case, one from 3 
case of hyperthyroidism, one from a typical cardiac case severely decom- 
pensated and one from a typical cardiac case previously severely decompet- 
sated but compensated at the time the test was made. 

By this method we can determine: (1) the appearance time (A.T. 01 
P.C.T.) of the dye, which indicates the pulmonary circulation time plus the 
time required for the dye to get to the heart from the point of injection and 
from the heart to the point of sampling; (2) the cardiac output (F) i 
liters per minute; (3) the total blood volume (B.V.); (4) the amount of 
blood (V) actively circulating in the heart and lungs and the great vessels 
of the chest. In addition, while the experiments were being carried out. 
we measured routinely: (5) the vital capacity (V.C.) ; (6) the venous pres 
sure (V.P.) and the blood pressure and the pulse rate. From these data wi 
also calculated; (7) the stroke volume (S.V.); (8) the work of the heart 
(W); (9) the work per beat (Ws); and (10) the volume clearance index 
(V.C.I.). This is the term we have given to a figure which is obtained by 
dividing the actively circulating blood volume by the stroke volume and 
which indicates the number of heart beats theoretically required to clear the 
heart, lungs and great vessels of their contained blood. 
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Clinically our cases were divided as follows: (a) 44 cases with normal 
cardiovascular systems, which furnished standards for comparison; (b) 
75 cases of hypertension subdivided in the following fashion: (1) unde 
compensated (14 cases) which had never shown any signs or symptoms of 
congestive failure; (2) decompensated, subdivided into slightly decompen 
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Fic. 1. Illustrating typical curves obtained in differen 
curves to the right, the one in heavier lines was obtained 
severe congestive failure, and the one in lighter lines fr 
lecompensated but who, at the time the test was made, | regalil ompensation 


sated (18 cases), moderately decompensated (7 cases), and severely decom 
pensated (15 cases), depending upon the clinical impression as to the 


severity of congestive failure; (3) compensated (21 cases) which had 
previously been decompensated but which at the time of the test were per 
fectly compensated. Many of the cases in the latter group had previously 
It should be noted that this classification 


been in the decompensated group. 
was made from the clinical standpoint alone, before the results of the test 
were known. 

Results. The results of these tests are shown in table 1 and in figures 
Zand 3. Figure 2 and table 1 both demonstrate the overlapping of results, 
indicating that, as has been pointed out by Starr, a single individual test 
on any given patient may not be of much value in diagnosis due to the fact 
that some of the factors may fall within the normal zone 

It will be seen from a study of figure 3 that very definite and consistent 
changes occur as heart failure develops and progresses. 
which have never been decompensated the venous pressure shows a definite 
crease over normal, and the vital capacity.is very considerably reduced. 
The appearance time, that is the velocity of blood flow, is not significantly 
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Fic, 3. Illustrating the difference in terms of percentage, from the normal. The 
median value of each function in each group is ———— with the median value for the 
normal group, which is expressed as 100 per cent. The heavy solid bars represent an in- 
crease in value over the normal, and the stippled bars a decrease below the normal. 





changed, however, nor is there any significant change in output and the 
stroke volume. The volume clearance index does not show a marked in- 
crease, though there is a moderate one. On the other hand the work of the 
heart shows a tremendous increase, as might be expected, since the flow is 
‘ssentially normal but the blood pressure greatly increased. 

When congestive failure appears, however, very definite changes occur. 
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The venous pressure rises and the vital capacity falls (both long known by 
clinical observation ) ; the rate of blood flow slows, as shown by the increased 
appearance time; the cardiac output and the stroke volume both decrease 
to only one-half of the normal value, while at the same time the number 
of heart beats required to clear the heart and lungs of actively circulating 
blood (volume clearance index) becomes more than doubled. The work 
of the heart becomes reduced, not only to normal but below it, in spite of 
little alteration in blood pressure. 

As congestive failure increases, the changes in these functions become 
progressively more and more marked. When decompensation has become 
very severe, the venous pressure has risen to more than three times the 
normal level and the vital capacity fallen to one-third of normal; the blood 
is lowing only about one-third as rapidly as before congestion appeared ; 
the cardiac output and the stroke volume have become reduced to about one- 
third of the normal figure, while it now requires three times the normal 
number of beats to clear the heart and lungs of blood; and the heart work 
has been reduced to one-half of its normal value. 

When compensation again becomes fully established, as a result of ap- 
propriate therapeutic measures, very interesting changes occur. As can 
be observed clinically, the venous pressure returns to normal, but the vital 
capacity does not, remaining instead at a level approximately one-third 
below. The rate of blood flow increases, but does not even approach the 
normal velocity, remaining about one-half as rapid as normal. Neither do 
the cardiac output and stroke volume return to normal, but remain at about 
two-thirds of the normal value. The number of heart beats required to 
clear the heart and lungs ot blood also remains increased at more than 40 per 
cent above the normal figure.) The heart work, however, again becomes 
normal or nearly so though it does not reach the level it did before heart 
failure set in. 

We stated earlier in the paper that we also measured the total actively 
arculating blood volume and the volume of actively circulating blood in 
the heart and lungs and great vessels. The changes in these functions are 
lt is very interesting, however, that the changes which do occur are strik- 
ingly parallel for the two. In general, it may be said that before congestive 
iailure develops, there is no essential change in either; as congestion de- 


not particularly marked, as may be seen by a study of table 1 and figure 2 


velops they both increase, becoming slightly greater as congestion increases. 
As comperzation becomes reéstablished, they increase greatly and signifi- 
‘antly (to 134 per cent and 120 per cent respectively, of the normal value). 

A comparison was made in these cases between the effects of rest alone 
and rest plus digitalis on these various functions. The result of this ap- 
ears in figure 4 and table 2. It will be noted that, although rest alone 
produces a change toward normal in all of the functions, yet this change is 
lot nearly as striking as occurred after digitalis was administered. Many 
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Fic. 4. Illustrating the comparative effects of rest alone and of rest plus digitalis on 
the various functions of the circulation in congestive failure. The horizontal heaviest lines 
represent the previous (decompensated) median level for the group as a whole, and is taken 
as 100 per cent. The height or depth of the bars represents the percentage change from that 
previous level. The medians are taken in all instances. The right half of the figure shows 
the distribution of the percentile changes from the decompensated levels, each circle repre- 
senting, as in figure 2, an individual case, and the changes being divided into zones. 


of these patients had bed rest for as long as two weeks between the deter- 
minations, giving the circulation ample opportunity to readjust itself with- 
out help, if it could do so. The right-hand side of figure 2 represents the 
distribution of the individual cases in regard to the various functions out- 
lined. 

DISCUSSION 


The observations reported here, concerning many of the functions 0! 
the circulation, are not new. ‘The progressive increase in venous pressure 
and decrease in vital capacity as congestive failure develops have been 
known clinically for many years. The slowing of the blood flow under these 
conditions has been assumed for a long time and was demonstrated con- 
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clusively by Blumgart and by ourselves as far back as 1927.* So, too, 
observations concerning the cardiac output, unreliable though they are con- 
sidered by some, have been in keeping with our own. But we feel that a 
correlated picture of all of these functions, observed in a series of cases 
large enough to be considered of significance, can give us a more complete 
picture of what happens to the circulation as a whole, than grouping to- 
gether observations on one or only a few of the many functions of the cir- 
culation. This assumes especial significance when we consider variations 
in individual cases. A perusal of figure 2 will illustrate this to some extent 
by the evidence of overlapping of results shown there. It must be remem- 
hered that we have dealt here with groups, showing the tendencies exhibited 
by such groups as a whole. But it must not be assumed that each individual 
case behaves always as the group characteristically does 

For example, in four cases picked from the severely decompensated 
group (see table 3), case 161 with the lowest vital capacity of all, had the 
quickest appearance time and the highest output; whereas case 182, with a 
vital capacity nearly three times as great, had the slowest appearance time 
and the lowest output, though the venous pressure was the same in both 
cases; and case 90 with the highest vital capacity of all, had an appearance 
time and an output intermediate in position. Thus throughout all of our 
observations we encounter many variations, where sometimes, for example, 
the flow may be normal and the velocity of blood flow decreased, or vice 
versa. Therefore, it is apparent that not the observation of one or two or 
three functions only, but the measurement of all of them simultaneously will 
give us the true picture of the circulatory state in any given individual. 

Starr * has shown that in normal persons there is a linear relationship 
(within limits) between heart work and heart volume; that as the heart 
volume increases the heart work increases ‘also; whereas in congestive failure 
the increase in heart volume and the decrease in heart work throw this re- 
lationship outside the normal zone. We have taken teleroentgenograms 
on most of our patients, and although we have not yet analyzed the results, 
it is apparent that the codrdinates of work plotted against volume are far 
outside the normal zone. In this respect our results agree perfectly with 
those of Starr, although his method of determining heart work is based on 
tebreathing. 

The lack of marked changes in the volume of blood in the heart, lungs 
and great vessels might cause one to assume that our method of measuring 
this factor was at fault since it is obvious from both clinical and postmortem 
experience that the lungs and great vessels do become engorged with blood 
as congestive failure develops. However, it must be borne in mind that we 
are measuring only the actively circulating blood, and that stagnant blood is 
not accounted for. Though the change is not great, there is a decided ten- 
dency for even the actively circulating blood in the heart, lungs, etc. to be- 
come increased as congestion develops; moreover, the changes in the volume 
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TABLE III 


Data of four cases chosen from the 15 cases in the severe congestive failure group, to 
illustrate the wide variation in individual functions of the circulation and to emphasize that 
one must take into consideration all of the functions and not one or two individual ones in 
order to determine the true state of the circulation. 

Case No. ¥.P. 7.4. | 7 F, S. Vv. 


161 203 0.37 13.5 3.20 33.0 
84 0.50 41.5 1.32 14.0 
182 210 0.92 47.7 1.07 11.3 
90 1.54 27.0 1.88 20.0 


of blood in the heart, lungs and great vessels are greater than the changes in 
total blood volume, indicating in this fact alone, a tendency for the blood 
to accumulate in the thorax and abdomen. ‘The increase after compensation 
becomes reéstablished indicates that there must be liberated into the blood 
stream considerable quantities of blood previously stagnant and out of cir- 
culation. It follows also that the term ‘‘ volume clearance index ”’ indicates 
the number of heart beats required to clear the heart and lungs of actively 
circulating blood. 

One other feature should be emphasized: It is an important fact that 
when compensation becomes reéstablished after congestive failure has once 
developed, certain of the functions of the circulation do not return to normal, 
notably the velocity of blood flow and the cardiac output. It may be stated 
in another fashion, that once heart failure has developed, the heart may never 
be the same again. 

SUMMARY 


1. Using the dye injection method, the various functions of the cir- 
culation were studied in cases of hypertension before congestive failure had 
developed, when congestion had appeared and when compensation had be- 


come reéstablished. 

2. The changes in venous pressure, vital capacity, appearance time 
(velocity of blood flow), cardiac output, stroke volume, volume of actively 
circulating blood in the heart, lungs and great vessels, total blood volume, 
volume clearance index (the number of heart beats required to clear the 
heart, lungs and great vessels of actively circulating blood), work and work 
per beat are reported and discussed. 

3. The relative effects of rest alone and of rest plus digitalis are reported. 

4. Emphasis is laid upon the fact that even in severe heart failure certain 
of the functions, as the flow, for example, may be within normal limits, and 
that only by a study of the interrelationships of all of the functions con- 
cerned can a true picture of the cardiac hemodynamics be obtained. 
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VASCULAR DISEASE IN THE OBESE DIABETIC, AND 
IN NON-DIABETICS; A DISCUSSION OF ARTERIO- 
SCLEROSIS AS A CAUSE OF DIABETES * 


By Epcar C. Beck, M.D., JAmMes G. Fowter, M.D., Epwarp C. Koenie, 
M.D., F.A.C.P., and Byron D. Bowen, M.D., F.A.C.P., 
Buffalo, New York 


Most older diabetic patients are obese or have been so. Their patho- 
logical state is, therefore, essentially that of obesity with superimposed 
diabetes. The association of vascular disease and diabetes in this group is 
far too frequent to be ascribed to coincidence alone. ‘Those **** who I 
lieve that diabetes hastens the approach and accelerates the development of 
arteriosclerosis refer to atheromatous lesions of the elastic and muscular 
arteries. The demonstration of calcium roentgenologically in the periph- 
eral vessels has been used to detect this type of lesion, though it is 
realized that extensive atheromatosis may be present with minimal or even 
with no calcification. Such deposits occur in the deeper layers of the in- 
tima and in the media. There is some question whether sclerosis of the 
Monckeberg type is related to or may be part of atherosclerosis,’ as originally 
thought by Marchand. There is no essential difference, pathologically, 
between the sclerosis that occurs in the older diabetic and senile atheroscle- 
rosis. In analyzing the pathological descriptions of the arteries of legs 
amputated for gangrene at the Buffalo General Hospital, it was found that 
they were similar in both the diabetic and senile types. The senile group, 
however, was about 10 years older than the diabetic. There was close cor- 
respondence between calcium demonstrated roentgenologically and _histo- 
logically. Such calcification is found more regularly in men, both diabetic 
and non-diabetic. Its presence increases the probability of occlusion, as 
has been shown by Lansbury and Brown,® although extensive calcification 
may be present for a long period with open arteries. 

It is assumed that those who have suggested that diabetes in older peopl 
may be caused by arteriosclerosis of the pancreatic vessels, which in turn 
produce hyalinization and fibrosis of the islands, refer mostly to arteriolat 
lesions. These are not necessarily associated with calcification and lipoid 
deposits in the larger vessels, but are more intimately related to high blood 
pressure. These two types of sclerosis may be and commonly are found 
together, particularly in older people with hypertension. 

The histological demonstration in diabetic patients of sclerosis of the 
small pancreatic arteries and arterioles, or even atherosclerosis of the larger 
ones, does not permit one to assume that these lesions were present at the 

* Read at the Philadelphia meeting of the American College of Physicians, Ma 1935 

From the Buffalo General Hospital and the Department of Medicine, School of Med 


cine, the University of Buffalo. 
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time the patient developed diabetes, which usually is many years before 
death. In fact, it is often impossible to estimate the time of onset of dia- 
betes in an elderly patient. If it could be shown that vascular disease was 
more frequent in the early diabetic than in the non-diabetic, this would con- 
stitute additional evidence that the pancreatic vessels had a greater chance 
of being involved. In this study only obese subjects were used because of 


the predominance of obesity in the older diabetic ; and also so that the factor 
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{body weight, which is so important in vascular disease in older people, 
should be adequately controlled. Previous studies, we believe, have not 
taken this factor sufficiently into account. 

The patients were observed almost entirely in the Out-Patient Depart 
ment. They were generally without symptoms, except those attributable 
0 obesity. None of the diabetics required insulin. Calcification of the 
tteries of the lower extremities was searched for roentgenologically, their 
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blood pressures were followed, and their retinal arteries were studied by 
the ophthalmologist (J.G.F.). The heart was not considered, because 
previous workers “* have shown that obese patients as a rule have large 
hearts and that frequently changes in the electrocardiogram are present. 
The patients were divided into three groups according to their glucose toler- 
ance. The test used was 100 grams of glucose administered by mouth, 
subsequent to the taking of a fasting blood sugar, and absorptive blood 
sugar determinations taken at one-half hour, one hour, and two hour inter- 
vals.* In the diabetics this was not done because the diagnosis was evident 
There were 49 patients, with an average age of 39 years, in the group with 
normal glucose tolerance. Three of these were men. Seventeen women, 
with an average age of 43 years, comprised the group with borderline re- 
actions to glucose. Thirty patients, five of whom were men, made up the 
diabetic group. We were reasonably certain that none of this group had 
been diabetic for over three years. Most of them had been under active 
treatment. 

Extreme calcification of the leg arteries was found in only two patients 
both men, a diabetic 67 years old and a non-diabetic 75 years old. Traces 
of calcification in only the dorsalis pedis arteries occurred in two of the 
diabetic women. ‘The other patients in all groups had no discernible ar- 
terial shadows. 

Patients were regarded as having hypertension if the blood pressure 
exceeded 150 mm. of mercury systolic or 100 mm. diastolic, or both. Ac- 
cording to this definition it was present in 50 per cent of the diabetic group, 
43 per cent of the borderline group, and 31 per cent of those with normal 
glucose tolerance. These were further separated into those who had well 
established hypertension and those whose blood pressure was only slightly 
above the borderline, for the reason that a slightly elevated blood pressuré 
is Common in obese people and that it so frequently drops with the reduc- 
tion of body weight. The incidence of well established hypertension oc- 
curred about equally in the normal and diabetic groups, the incidence being 
18 and 20 per cent respectively. The borderline group, a much smaller 
one, showed an incidence of 31 per cent. The average age of those who 
had such hypertension was the same in each group, 49 years. 

The following criteria for the presence of retinal arteriosclerosis were 
used: contraction of the lumen, venous compression at the arteriovenous 
crossings, translucency and visibility of arterial wall, the light reflex stripe 
of the arteries, tortuosity of arteries and capillaries, and sclerosis of cho- 
roidal blood vessels (tesselated fundi and colloid excrescences ).” *° '” 

A fundus was pronounced completely negative if none of these signs 
were present; suggestive (-+), when tortuosity, reduced translucency, and 
disturbances of the reflex stripe occurred together; definite (1-+), when 
thinning of the arteries, uneven caliber and compression of the veins oC 


* Blood sugar method: Meyer-Benedict technic. 
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curred singly, or together, or in combination with the above mentioned 
signs. When these changes were more extreme, a 2+ designation was 
used, and when they were observed in combination with retinal degenerative 
changes, such as hemorrhages or exudates, the symbol 3+ was employed. 

Retinal arteriosclerosis of all grades was found in 36.6 per cent of the 
diabetic group, 41 per cent of the borderline group, and in 32.6 per cent of 
those having normal glucose tolerance. The average age of the patients 
having retinal arteriosclerosis was 53, 50.5, and 50.6 years, respectively. 
The percentage of patients with hypertension, who also had evidence of 
retinal arteriosclerosis, was about the same in the diabetic and borderline 
groups, 72.7 and 71 per cent, while that in the normal group fell to 44 per 
cent. This is possibly because the patients in the normal group who had 
hypertension were younger than those in the other groups. The average 
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TABLE II 


Grades of Retinal Arteriosclerosi 


Group Average , -_ _o Percentage 
Age , (+ or more) 


Diabetic (30 « ases).... a 50 17 
Borderline glucose tolerance 

(17 cases)... 

Normal glucose tolerance (49 cases) 


‘es of patients with both hypertension and retinal arteriosclerosis were 
3.6, 51.6, and 49 years, respectively. The percentage of patients in all 
soups who had 2 + or 3 + retinal arteriosclerosis was the same, 10 per 
“nt; hypertension was present in all but one of these cases. Only two pa- 
uents had a 3-+ retinal arteriosclerosis: one, a diabetic 60 years old, 
lypertension, and the other a 54 year old woman with mild hypertension 


aid normal glucose tolerance. 
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With the tests used, slightly less than half of our obese subjects, diabetic 
and non-diabetic, had no evidence of vascular disease. Were it possible to 
calculate the influence of the age difference which exists in the three groups, 
it seems probable that the incidence of vascular disease would be about the 
same in each group. Also, in obese subjects there appears to be no strik- 
ing correlation between glucose tolerance, hypertension, or retinal arterio- 
sclerosis. 

DISCUSSION 
Vascular disease is common in obese people, and it is a frequent cause of 
death in such subjects. Hartman and Ghrist '* analyzed the blood pressures 
of 2042 consecutive patients, males and females about equally divided. They 
found the blood pressures of the overweight group to be about 12 per cent 
higher than those in the underweight. Dublin ** has shown by a medical- 
actuarial investigation that the death rate from arterial disease was decidedly 
increased in individuals who were overweight, especially after 45 years. At 
that age the death rate for those of normal weight was 45 per 100,000, but 
for those whose weight was 15 to 24 per cent increased, the death rate was 97. 
Preble *° in his study of 1000 patients with obesity found the average blood 
pressure of those after the age of 40 to be 160 systolic and 100 diastolic. 
Fifty-three of 700 of these patients had glycosuria, the greater number of 
them being in the fifth decade. Master and Oppenheimer ‘ found hyper- 
tension (blood pressure 150 mm. systolic, or more) in 67 per cent of 97 
patients with obesity. Their ages varied from 10 to 58 years, but nearly 
all of them were between 35 and 50. Smith and Willius * made a post- 
mortem study of 136 obese patients, who were more than 13 per cent over- 
Only four had diabetes 


weight and whose average age was 52.1 years. 
Forty-five per 


We judge that many of the deaths were postoperative. 
cent had had “ well marked hypertension.” Of these the average blood 
pressure had been 175 systolic and 82 diastolic. These figures attest the 
high incidence of vascular disturbances in obesity. If it could be shown 
that obese diabetics had a higher blood pressure than obese non-diabetics, 
then hypertension might be held a contributory factor to diabetes in such 
cases. Also, if hypertension with arteriosclerosis in itself were a cause of 
diabetes, then it would be expected that more patients with hypertension, 
even those without obesity, would develop clinical diabetes. A survey of 
several textbooks and clinical studies of large series of cases of hypertension 
did not give any information on this point. Certainly it is not our clinical 
impression that diabetes is an important sequel of hypertension. It is wel! 
known that extreme arteriolar sclerosis of the pancreatic vessels is commol 
in patients with so-called malignant hypertension or sclerosis; yet, clinical 
diabetes in such patients appears to be uncommon. . 

Patients with hypertension frequently have slight glycosuria, high rena! 
thresholds for sugar, and a distortion of the so-called normal curve atte! 


the ingestion of glucose. Different observers vary widely in their findings 
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and opinions on this point, as John *® has brought to our attention. He 
found in a study of the glucose tolerance of 50 of his own patients with 


hypertension that the number of “ diabetic curves” increased with age. 
This would suggest that hypertension produced an increasing insufficiency 
of insulin. Rgmckeé,*‘ however, made similar observations, but also showed 
that the absorptive blood sugar curve was much the same in older people 
whose blood pressures were normal. Marshall’** likewise found distinct 
and prolonged hyperglycemia in 50 per cent of healthy old people after the 
ingestion of glucose. Many terms have been given to such distorted curves. 
“Potential diabetes”’ or “ pre-diabetes’? are common. Schmidt’ pro- 
posed “‘ sthenischen Diabetes ” and Kylin ** “ hypertonie Diabetes.” There 
is insufficient proof that patients who have abnormal curves develop clinical 
diabetes with enough regularity to justify the word “ diabetes” in the no- 
menclature. The various factors, which affect the inflow and outflow of 
glucose in the blood stream, are involved and complicated. We believe that 
such a test cannot safely be considered specific for clinical diabetes unless 
fasting hyperglycemia is present and then only under certain conditions. 
The patient should previously have been eating an unrestricted diet. Also, 
there should be freedom from hyperthyroidism, fever, and nitrogen reten- 
tion. 

In 1894 Hoppe-Seyler *° reported the autopsy findings in a case of 
liabetes in which he believed the islet changes were caused by arterioscle- 
rosis. In 1904 he* added nine such cases. Upon examination of his 
material, it was found that all of his patients had generalized arteriosclerosis 
and that the majority were in the seventh decade; three had gangrene of a 
lower extremity. He also examined the pancreatic vessels of a larger group 
of non-diabetics of the same age. He found that the diabetics had a higher 
grade of sclerosis of the pancreatic vessels and that in them pancreatic 
titthosis was more extensive. It was his idea that the changes in the 
lands were entirely secondary to the vascular changes 

Similarly, Herxheimer ** contends that arteriosclerosis is a prominent 
primary factor in the production of diabetes in older people. He has drawn 
the analogy between nephrocirrhosis produced by arteriosclerosis and pan- 
treatic cirrhosis. 

Pathologists generally agree that sclerosis of the pancreatic vessels is 
4common finding in older patients. Barron ** concludes that pancreatic 
itherosclerosis is frequently encountered and that it is a probable cause of 
liabetes. Cecil 2* found that most middle aged patients had some degree 
of such sclerosis and expressed the opinion that hyalinization and fibrosis 
of the islands were produced in a manner similar to such changes in the 
glomeruli. 

Kraus *° after a study of the structural changes in all of the endocrine 
glands in diabetics omg ngee that all diabetes was pancreatogenic; but he 
ielieved that there was, i 1 spite of the great variability of the findings, a 
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contrast between the pancreas of the young and older diabetic. The pan- 
creas was smaller in the young; atrophy or hydropic degeneration of th 
islands—the elective island disease of Weichselbaum—was commonly seer 
In the older patient the pancreas showed inter- and intra-acinous connectiy 
tissue proliferation, cirrhosis, lipomatosis, and atrophy of the tubules. The 


changes in the islands were predominantly hyaline. A majority of th 
older patients showed sclerosis of the pancreatic arteries. He encountered 
some pancreases of older patients in which the changes commonly found 
in youthful patients were present, and vice versa. 

Warren * studied 259 pancreases of diabetic patients. He thought th 
islands normal, as far as could be determined histologically, in 27 per cent 
No definite correlation between island lesions and intra-acinar fibrosis could 
be determined. Fifteen of the 259 showed marked sclerosis of the pan- 
creatic vessels. He comments that the splenic artery, which is on the same 
circuit as the pancreatico-duodenal artery, often shows extreme sclerosis 
while the arteries of the pancreas may be relatively free. He believes that 
from a pathological viewpoint arteriosclerosis is not an outstanding cause 
of changes in the islands. 

Peterson * considered the subject of diabetes and arteriosclerosis patho- 
logically. He found some degree of sclerosis of the arteries and arterioles 
of the pancreas in nearly every case. He states, “It appears that cliseas¢ 
of the arteries and arterioles is much more advanced in diabetics than 1 
non-diabetics of the same age. It may be inferred that diabetes hastens 
the development of the arterial disease. It may be contended that arteria 
changes come first and cause diabetes; but the degree of involvement 1 
many instances seems hardly sufficient to cause such a damage to the pat- 
creas; and, also, sclerosis of the pancreatic vessels is not always associated 
with diabetes. I am inclined, therefore, to adopt the view that diabetes 
hastens the development of arteriosclerosis in some way.” 

It appears then that some authors, when speaking of sclerosis of the 
pancreatic arteries, refer to the larger vessels, while others refer to th 
smaller. The recent work of Rosenthal ** leads one to suspect that athero- 
sclerosis and arteriolar sclerosis are, possibly, in some way related. H 
considered this subject critically from clinical and postmortem materia 
and concludes that hypertension plays an important role in the developmet! 
of atherosclerosis, but he believes that there are etiological factors other 
than hypertension, since 48 per cent of his cases of atherosclerosis did not 
have hypertension. Pathologists agree that atherosclerosis of the large! 
arteries is not a common finding in early hypertension. 

All three clinical states under consideration, obesity, hypertension, an¢ 
diabetes, appear to be unquestionably influenced by an hereditary facto! 
All three may be found together, or in various combinations. It appeat 
clear that obesity increases the likelihood of both diabetes and hypertensio", 
but less certain that the presence of hypertension contributes to the proba- 
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bility of diabetes, since the incidence of hypertension is about the same in 
the non-diabetic obese person as in the obese diabetic. 

With the mechanism of the production of diabetes so incompletely under- 
stood, its pathologic anatomy so variable, and, also, the possibility of 
extra-pancreatic influences so definite, it is not surprising that many should 
regard the inception of diabetes as a functional disturbance. One finds it 
dificult to believe the cause as being one thing in youth and as belonging 
to the degenerative diseases after the age of 40, as Enklewitz ** has recently 
propounded. Perhaps it is more logical to think of it as a different reaction 
at various ages. It is conceivable, also, that the presence of vascular de 
generative changes in the pancreas may be a factor in the production of 
diabetes, but it seems unlikely that it is the sole cause. If it were so, dia- 
betes in the aged and in patients with high grade hypertension should be 
more common, unless an elective vascular disease of the pancreas exists 
Also, atherosclerosis in older people is more common in men than in women 


Diabetes, however, in the same age group is more common in women 


SUMMARY 


Calcification of the arteries of the lower extremities (demonstrated 
roentgenologically ), which is so common, particularly in the older, uncon- 
trolled diabetic, is essentially absent in early diabetics and in obese people, 
some of whom are potential diabetics. 

No evidence was found to show that hypertension or retinal arterio- 
sclerosis could be correlated with the obese patients’ ability to use glucose. 
The incidence of hypertension appears to be higher in older diabetics. We 
believe, however, that this is essentially related to obesity and not to diabetes 

The pre posal that diabetes in older pe yple is CC mmmonly caused by scle- 
rosis of the pancreatic blood vessels is discussed. Direct proof that sclerosis 
of the pancreatic vessels causes diabetes cannot be determined by clinical 


methods, nor can it be held responsible as a primary cause of diabetes when 
lound at necropsy. Nevertheless, it seems improbable that such sclerosis 


can be regarded as a general cause for diabetes in older people. 
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STUDIES RELATING VITAMIN C DEFICIENCY TO 
RHEUMATIC FEVER AND RHEUMATOID 
ARTHRITIS; EXPERIMENTAL, CLINICAL 

AND GENERAL CONSIDERATIONS * 


II. RHEUMATOID (ATROPHIC) ARTHRITIS 


By JAMEs F. Rinenart, M.D., San Francisco, California 


A border-land between rheumatic fever and rheumatoid arthritis has 
long been recognized. Particularly in young adults clinical distinction may 
prove dificult or one may find an apparently typical rheumatic fever with 
carditis progress into a characteristic rheumatoid arthritis. Klinge and 


Grzimek ' find that although acute and subacute rheumatic fever and chronic 
polyarthritis are usually easily differentiated, both disease pictures are so 
closely bound together in the arthritic and general pathology that a “ rheu- 


matic” basis may be assigned to both. Dawson * has lent further support 
to the concept of a relationship of the two diseases in showing that the 
early pathological change found in the subcutaneous nodules of rheumatic 
fever and rheumatoid arthritis, are essentially identical. This evidence, 
together with encouraging early observations made on the joints in scurvy * * 
led to a rather extensive study of the scorbutic arthropathy. It is the pur- 
pose of this paper to report the findings of this study and to draw attention 
toa rather convincing amount of data suggesting that vitamin C under- 
nutrition may be an etiological factor in at least some of the cases classified 


as rheumatoid arthritis. 


EXPERIMENTAL METHODS 


The methods employed consisted briefly in maintaining guinea pigs for 
rather prolonged periods of time on a basic vitamin C free diet,+ supple- 
mented with inadequate amounts of vitamin C. To study the influence of 
infection, parts of each experimental series were infected. Control groups 


* Read at the Philadelphia meeting of the American College of Physicians, May 1, 1935. 
; This work has been made possible by research funds granted from the Christine Breon 
Fund for Medical Research. 
The first part of Dr. Rinehart’s article appeared in the preceding number of the ANNALS. 
t The basic diet used is as follows: 
Per cent 
Ground rolled oats and bran—equal parts by volume 56 
Powdered skimmed milk (baked at 110° for 2 hours) . 3 
Butter fat , 10 
Sodium chloride ; 0.5 
Osborne-Mendel salt mixture 1.0 
Dried yeast 1.5 
_Cod-liver oil (standardized) ' pais ree 
Care is used in securing a thorough mixture of the above ingredients. Guinea pigs 
cat this diet well and, with adequate vitamin C supplement, grow and thrive. 
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of course, were maintained on the basic diet adequately supplemented with 
vitamin C and subjected to the same infection. The material of this stud 
comprises 12 series of experiments. Inasmuch as pathological observations 
are in essential agreement in the various experiments, no attempt will be 
made to report individual experiments. Sufficient detail will be found in 
the appended protocols, to guide anyone interested in repeating the experi- 
mental work. No sharp line can be drawn between the experiments pertain- 
An over-lapping occurs 


ing to rheumatic fever and to the chronic arthritis. 


here as is observed clinically. 
THE ARTHRITIS OF SUBACUTE OR CHRONIC SCURVY 


One of the first objective manifestations of vitamin C deficiency in th 
guinea pig is an arthropathy which is characterized by pain, swelling and 
limitation of movement in multiple joints. The joints exhibiting the most 


obvious involvement, and the usual, though not invariable sequence, are 


Fic. 1. Diffuse fusiform swelling of the wrists, an early manifestation of vitamin 2 

deficiency in the guinea pig. 

. and a 

knees, wrists, and elbows. > 

probable that no joints are immune. Figure 1 illustrates a characteristi a 
s,s ° —— ‘ \ Nron: 

appearance of an early arthritic change with a fusiform swelling about th 


These have been most carefully studied, but it's 


. the en 
wrists. 
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THe EARLY CHANGES IN SCORBUTIC ARTHROPATHY 


An exhaustive study has not been made of the earliest changes in the 
sorbutic arthritis. However, joints of several animals have been inspected 
shortly after the onset of stiffness and swelling. The periarticular tissues 
are seen to show an edematous, hemorrhagic appearance. Microscopically, 
red blood cells and serum are found, spreading apart connective tissue cells, 
and frequently, relatively broad hyaline streaks of a peculiarly packed fibrin 
are seen. At this time or shortly later, the connective tissue cells begin ac- 
tively to proliferate, the hemorrhagic appearance subsides and we see an im- 
perfectly vascularized and frequently edematous granulation tissue thicken- 
ing the capsule and obscuring the underlying tendons and bony prominences. 


THE ARTHROPATHY OF SUBACUTE OR CHRONIC SCURVY 


A much more extensive material has been studied in the later stages of 
the scorbutic joint disability. For convenience and clarity, it is best to 
consider separately the changes in the various anatomical structures forming 
and surrounding the joint. 

Synovial Proliferation and Pannus Formation. A proliferative reaction 
if the synovial membrane is an almost constant finding. Usually associated 
with the synovial proliferation and frequently merging with the proliferat- 
ing cells is a hyaline “ fibrinoid ” material. TI igure 2 illustrates a typical 
reaction of this type. No sharp distinctions can be drawn between cells 
‘learly recognizable as synovial and less differentiated connective tissue cells 
which, intermingled with the fibrinous material, extend from joint recesses 
a long tongue-like processes into the joint cavity and over the articular 
surfaces. Figure 3 shows the detail of such a fibrous and “ fibrinoid’ 
pannus. 

Subsynovial and Peritendinous Lesions. The connective tissue beneath 


the synovial membrane and that about the tendons inserting around the 


joint present analogous changes. Here again, small extravasations of 
blood, streaks of fibrin and a reactive hyperplasia of connective tissue cells 
ontribute further to the swelling deformity and limitation of movement 
nthe joint. 

Articular Cartilage. In addition to diffuse thinning, a retrogressive 
lange, apparently a de-differentiation of areas of the articular cartilage, 
Snot uncommonly seen. In places the surface of the articular cartilage is 
replaced by undifferentiated and at* times vascularized connective tissue. 
lhe pannus described is, in some instances, adherent to the articular sur- 
las. The retrogressive change at the surface of the articular cartilage 
ind apparent “ perichondral ” proliferation are shown in figure 4. 

Rarefaction of Bone. ‘Thinning of bone trabeculae is characteristic of 
chronic vitamin C deficiency. This rarefaction of bone involves apparently 
the entire skeleton but is most prominent at the bone ends. The change is 
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Fic. 2. A moderately intense proliferation of the synovial membrane from a recess 
the knee joint of a guinea pig subjected to a subacute vitamin C deficiency and infectio 
(beta streptococcus). > 200. 


clearly evident in microscopic sections (figure 5), and has been repeatedly 
Figure 6 illustrates this 


demonstrated by roentgen-ray examination. 
change. 

Muscle. Some degree of muscle atrophy and degeneration is also 4 
characteristic effect of prolonged vitamin C deficiency. An interstitial edema 
of the muscle is frequently seen to contribute to the periarticular swelling 
In some of the more severe deficient states, hemorrhagic stippling of th 
muscle may occur. Some degree of muscle atrophy or degeneration is 4 
most regularly found. Occasionally a widespread muscle degeneratio! 
dominates the pathologic picture. It would appear that this occasion 
severe myopathy is an effect of capillary hemorrhage and consequent cellulat 
anoxemia. 
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Fic. 3. Fibrous and “ fibrinoid” pannus extending from a joint recess of the knee over 
the articular cartilage. Relatively acute scurvy and bronchopneumonia (B. bronchisepticus). 
The fibrinous material shows as grayish-black lines in mic rophotograph. X 200. 


_ Fic. 4 Showing a retrogressive change in the articular cartilage, a dedifferentiation 
' the surface cells at one side and an apparent perichondrial proliferation with an asso- 
ated fibrinous material at the opposite surface. Subacute scurvy and infection—duration 


® days, Developed spontaneous bronchopneumonia (B. bronchisepticus) on the twenty- 
ith day. 200. 
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Periarticular Reactions—Subcutaneous Nodules he reactions in the 

. , a.” ee : wee (, sonase 
capsular tissues are, perhaps, ot greatest interest Lhe early anguinous 
Somewhat later, the capsular connective tissue 


has been noted. 
Commonly, streaks of hyalin- 


edema 


undergoes a marked proliferative reaction. 
ed fibrin lie in intimate association with the reactive connective tissue. 


The tissue, on section, often shows a striking edema. Somewhat later, a 


Fic. 6. This x-ray shows the hind leg of a control animal on the left, contrasted with 
avitamin C deficient animal on the right. The excised limbs were exposed simultaneously ; 
th were in an extended position. The limitation of extension is apparent in the scorbutic 

it. The diminished density of the scorbutic bone, particularly at the ends about the knee 
it, is clearly shown. This .observation has been repeatedly verified 


stadual diminution of the periarticular thickening may occur, coincident 
with the shrinkage of the connective tissue. Figure 5 illustrates the topog 
faphy of the intra- and periarticular lesions. A most interesting observa- 
ton is the not infrequent development of discrete circumscribed fibrous 
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tissue nodules beneath the skin about the joints. Sometimes they are move- 
able beneath the skin and at other times are found more or less attached to 
an underlying bony prominence. The knee joint shown in figure 7 shows 
two such subcutaneous fibrous nodules as well as the thickening and de- 
formity of the joint produced by scurvy. The position of the joint shows 
the limitation of extension. Microscopic sections of the subcutaneous 
nodules show an edematous, cellular, fibrous tissue, usually associated with 


a 


Fic. 7. A striking scorbutic arthropathy knee joint photographed in an extended posi- 
tion, showing limitation of extension, diffuse fibrous tissue thickening about the joint and 
two fibrous subcutaneous nodules. Uncomplicated vitamin C deficiency. Duration of ex- 
periment—70 days. Degree of deficiency, moderately severe. 


irregular strands of brilliantly eosinophilic hyalinized fibrin (figure 8). The 
hyaline fibrin is in intimate association with connective tissue cells, and ap- 
pears to correspond to the “ fibrinoid”’ degeneration of Klinge.° The 
experimentally produced subcutaneous nodules resemble most closely the 
pathologic picture of the subcutaneous nodules of rheumatic fever and the 
earlier nodules of rheumatoid arthritis, excellently described and illustrated 


by Dawson.* 


THE EFFEcT OF INFECTION SUPERIMPOSED ON THE CHRONIC SCURVY 


The arthritic pathology described occurs in the absence of any intro- 
duced or demonstrable infection. Some infections, however, have bee! 
found to accentuate and accelerate the pathological process. This influenct 
is clearly shown in the following experiment. 
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Fic. 8. A portion of an experimental subcutaneous nodule developed in an animal 
subjected to chronic vitamin C deficiency and infection. Streaks of a brilliantly eosinophilic 
yalinized fibrin together with a reactive hyperplasia of imperfectly vascularized connective 
tissue constitutes the structure of this lesion, and corresponds closely to the rheumatic 
nodule. X 400. 


Experimental Series 14. 

Nov. 1, 1934: A group of 13 animals were placed on the basic diet with an 
adequate daily supplement of orange juice (4 c.c.). The animals were in groups in 
three cages. Nov. 23, 1934: One animal in a cage of five developed a spontaneous 
respiratory infection, which was later determined to be due to B. bronchisepticus. 
Four days later, four other animals in the cage developed the same type of infection. 
Eight other animals in two other cages showed no evidence of infection. At this 
stage, five non-infected animals were placed in a larger cage with the four infected 
animals, and the group was transferred to a separate room. Of these animals, five 
were placed on a scorbutic régime, and four continued to receive 5 c.c. orange juice 
daily. Four animals were maintained unexposed to infection and subjected to the 
same scorbutic régime. In this instance, the scorbutic régime consisted of total 
deprivation of vitamin C for 18 days beginning Nov. 29, then a supplement of 1 c.c. 
on alternate days for 16 days, when the experiment was concluded. The five scurvy 
and four control animals in the infected cage all showed evidence of pulmonary in- 
tection. The scurvy animals exposed to infection all developed frank arthritic mani- 
léstations in from 10 to 15 days with an average time of onset 13 days after the 
deprivation of vitamin C. The non-infected scorbutic animals in this series showed 
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no arthritic manifestations for periods of 24 to 32 days, with an average time of onset 
of 31 days. Further, the arthritic manifestations in the group exposed to both scuryy 
and infection were clearly more severe than those subjected to scurvy alone. Thy 
animals exposed to the infection, but given an adequate orange juice supplement 
although developing infection, showed no arthritic manifestations. 

It would appear quite evident that the infection, in this instance, aug- 
mented the scorbutic effect in development of the arthritic lesions. Essen- 
tially similar observations have been made with other experimental infec- 
tions. In other instances, however, this has not been apparent. It would 
seem that the type and virulence of the infection are of importance in this 


relationship.* 


SUMMARY OF THE PATHOLOGICAL CHANGES IN THE SCORBUTI( 
ARTHROPATHY 


The arthritis of subacute or chronic scurvy, uncomplicated or with super- 
imposed infection, is characterized within the joint by synovial prolifer 
tion and “ fibrinoid ” and connective tissue pannus formation. The cap 
sular, peritendinous and intermuscular tissues show fibrin deposition, and 
reactive hyperplasia of an imperfectly vascularized connective tissue. ‘Thes 
changes contribute to pain, swelling and limitation of movement or effectua! 
ankylosis in multiple joints. Striking lesions, frequently observed, are sub 
cutaneous nodules histologically characterized by streaks of fibrin and reae- 


tive hyperplasia of connective tissue, and bearing a close resemblance t 
‘rheumatic ’’ nodules. Muscle atrophy and degeneration are regularly ob 
served in the scorbutic arthritis. A general skeletal rarefaction develops 
which is most marked at the bone ends. Certain infections accelerate ani 


intensify the arthritic process, while others do not. 


REPRESENTATIVE PROTOCOLS 


Series 7. No. 189. Received basal diet plus adequate orange juice supplement f 
15 days. 6/1/33 to 6/8/33, no orange juice. 6/8/33 to 6/20/33, 1 c.c. dail) 
nadyrng dope to 6/26/33, 0.5 c.c. daily. 6/27/33 to 7/16/33, 1 c.c. daily and 7/16/33 
to 8/2/33, 0.5 c.c. daily. On 6/16/33 the animal was infected by inoculation of 4 
broth ans of beta streptococcus (source spontaneous lymphadenitis of guinea 
pig). The inoculation was made into the skin of the left groin, and the anima 
developed a local skin infection and lymphadenitis. Course: 6/24/33, the le! 
knee is stiff with limitation of extension; four days later, the right knee also stifl 
7/21/33, both knees are stiff and swollen. 7/25/33, the elbows are also swollet 
8/2/33, animal sacrificed. Pathological notes: General nutrition is fair. Th 
mucous membrane of the bladder is hemorrhagic. A small abscess is preset! 


* A few observations suggest that vitamin C deficiency may produce in the joints a locus 
of diminished resistance to the actual lodgement of bacteria and so predispose to the — f 
ment of a truly infectious (suppurative) arthritis. This is illustrated by an observatii 
guinea pig in Experimental Series Number 12. This animal was in a group subject el 
chronic vitamin C deficiency, but had exhibited swelling of joints, particularly of on oi 
that was much more marked than in the other members of the series. The temperature w4 
elevated. At autopsy, an acute suppurative arthritis was evident in the most swollen kne 
Cultures of the spleen and inguinal lymph node yielded a green streptococcus. 
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between the liver and the diaphragm. A little hemorrhage is seen over and under 
the right knee. This joint shows capsular thickening, synovial proliferation and 
early pannus formation. 

Series 8. No. 201. This animal was one of a group subjected to vitamin C deficiency 
for a period of approximately 41 days. These animals received 1 c.c. of orange 
juice three times a week during the course of the experime Weight at onset 
of the experiment, 8/17/33, 374 grams. Course: 9/14/33, slight thickening of 
the tissues about the knees first noted. 9/20/33, slight stiffness and thickening of 
the knees, no swelling. 9/28/33, weight, 248 grams. Knees thickened and stiff 
Animal sacrificed. Pathological notes: Moderate thickening of the capsule of 
the right knee. Moderate congestion and hemorrhagic stippling of the bladder 
mucous membrane. 

Series 8. No. 210. This animal was one of a group in * same experiment subjected 
to the same dietary régime but also to infection with a hemolytic staphylococcus 

] + 


This animal as the others of the group showed a more marked arthropathy 


than the animals subjected to scurvy alone, even though the local reaction at the 


site of infection was quite mild. Course: 9/14/33, knees stiff and slightly thick 
ened. On this date the animal was infected by intracutaneous inoculation with a 
broth culture of hemolytic staphylococci into the skin of the neck. A mild non 
suppurative cervical adenitis resulted. 9/20/33, the right knee is definitely 
swollen. 9/28/33, both knees thickened, stiff and swollen. Animal sacrificed 
Some hemorrhage in chest wall. Right knee shows considerable capsular thick- 
ening composed of a brownish eranulation tl ; | re are areas of hemor- 
rhage in this tissue. The muscle below the knee appears edematous and shows 
some recent hemorrhage. 
Sertes 9. No. 247. This animal was placed on the basal d 5/33. For the 


first 20 days a total supplement of 8 c.c. of orange juice was given. At this time, 
11/15/33, the animal exhibited swelling and stiffness both knees and tenderness 


of the wrists. For the next two and one-half months, the animal received 
alternately adequate and inadequate amounts of orange juice, the average daily 

Ls €x. Infection was introduced beta lytic streptococcus ) 
into the skin of the neck on 12/17/33 After 2/7/: he animal received 1 c.c 
of orange juice daily until death on 4/30/34, approximately six months after the 
onset of the experiment. Course: The general nutrit | the animal remained 
fair, and more or less arthritic disability was present in the knees, wrists and 
elbows throughout the experiment, with several episodes of swelling. Pathologi 
cal notes: At autopsy, a fibrous nodule was found near the left elbow Che knee 
nd elbow joints on section showed bone atrophy and synovial proliferation. The 
elbow in addition showed irregularity of the articular surface and apparent peri- 
chondrial proliferation. The subcutaneous nodule showed hyalin streaks of fibrin 


and 


reactive hyperplasia of the connective tissue 

9. No. 368. Animal placed upon basal diet 11/20/34, and maintained with 
an adequate daily supplement of orange juice (4 c.c.) to 12/4/34, when the sup 
plement was entirely removed for 13 days. Then animal received orange juice 
l c.c. on alternate days until 1/7/35 when sacrificed. Course: The temperature 
record indicated that the animal had developed a spontaneous infection about 
12/14/34. Swelling of the knees was noted 12/15/34. On 12/24/34 the knees 
were swollen and tender, and the elbows were tender. Pathological notes: 
Autopsy revealed an extensive bronchopneumonia (B. bronchisepticus). The 
costochondral junctures were moderately thickened. The capsular tissues of the 
right knee were distinctly thickened with a brownish-red granulation tissue. 
"here was no evidence of fresh hemorrhage. A protruding nodule of granula 
tion tissue was found at the inner aspect of the right elbow. Sections of the knee 
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showed fibrous and fibrinous pannus, buckling of the cartilage and fibrous tissue 
thickening of the capsule. The elbow showed a broad fibrinous and fibrous tissue 
pannus. 

Series 15. No. 376. Same series and dietary régime as 368, without however any 
evidence of infection. The animal survived until sacrificed on 1/31/35. Course: 
General condition and nutrition remained good. The animal first developed 
tenderness of knees without any swelling on 12/14/34. On 12/21/34, the knees 
were tender and slightly swollen, and the left wrist was swollen and tender. No 
elevation of temperature. On 1/31/35, the animal showed stiff, thickened and 
tender knees with subcutaneous nodules on both knees (see photograph in text) 
Pathological notes: The left knee showed diffuse fibrous tissue thickening of the 
capsule, with in addition two subcutaneous nodules. The periarticular tissues 
were edematous and congested. The right knee showed a similar appearance 
One subcutaneous nodule was present. The capsular tissue of the right knee was 
1 mm. thick. The left wrist also showed periarticular thickening. 


FUNDAMENTAL SIMILARITIES OF THE EXPERIMENTAL LESIONS TO ‘J HOSE 
OF RHEUMATOID ARTHRITIS 


One familiar with the pathology of rheumatoid arthritis will at one 
recognize certain basic similarities of the experimental arthritis described, 
to this condition. The study of Nichols and Richardson,* on the pathology 
of chronic arthritis, remains a classic. Particularly with respect to rheu- 
matoid arthritis, relatively little has been added to their original observa- 
tions. The work of Fisher’ has served to confirm and in some respects 


extend their observations. The essential changes can be no more clearly 
or succinctly given than in the words of Nichols and Richardson, who in 
referring to proliferative arthritis (rheumatoid) say: “ In this type of joint 
lesion the primary change occurs as a proliferation of the synovial mem- 
brane and the perichondrium of the articular cavity, combined in many cases 
with a synchronous proliferation of the connective tissue and the endosteum 


of the epiphyseal marrow directly below the joint cartilage ’’; and further: 
“ The proliferation and extension over the surface of the cartilage of thie 
synovial membrane is the earliest and most marked feature of these joints 
The pannus may be composed of a very vascular granulation tissue infiltrated 
with lymphoid and plasma cells, with comparatively little intercellular ma- 
terial or may be a very dense fibrous tissue with very few vessels and no 
obvious infiltration.”” Of the periarticular and capsular tissues they state: 
“In all cases of proliferative arthritis changes occur in the capsule, usually 
synchronous with changes in the synovial membrane. This change consists 
in a proliferation of the connective tissue of the capsule and leads to a greater 
or less thickening usually of the entire capsule.” They note that in the earl) 
stages, there may be a connective tissue with little intercellular substance 
which later becomes denser with more or less hyalinization and vascular 
obliteration. In both stages the tissue may or may not be infiltrated with 
lymphoid and plasma cells. Fisher’s observations are in essential agreement. 
In addition, he notes that in the more central parts of the articular cartilage 
one may often find shallow ulcers whose floor is formed by connective tissue 
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formed by metaplasia of the superficial cartilage cells. In the later stages 
of the disease the extreme fragility of the affected bones is noted. Llewellyn 
and Jones ° have suggested substitution of the term fibrositis for chronic 


rheumatism, because they consider the basic anatomic lesion is one of in- 
flammatory overgrowth, or hyperplasia of the white fibrous connective tissue. 
They further point out that, in chronic articular rheumatism, the peri- 
articular, subsynovial and ligamentous tissues are at times more often and 
more deeply affected by the morbid process than the synovial or bony ele- 
ments. Emphasis is also placed upon the importance of muscular degenera- 
tions in the rheumatic syndrome. Klinge and Grzimek’s’ studies indicate 
the importance of the “ fibrinoid ” degeneration in this type of arthritis as 
well as in rheumatic fever. The essential identity of the anatomic lesion in 
the experimentally produced subcutaneous nodules and those of rheumatic 
fever and rheumatoid arthritis has been noted: Considerable significance is 
attached to the experimental occurrence of this lesion because of its unusual 
haracter. Many observers have stressed the bone atrophy accompanying 
theumatoid arthritis. Indeed, this change formed the basis for the classi- 
fication of the disease as atrophic arthritis by Goldthwait.* Swaim "° has 
noted the atrophy of the whole bony system in this type of arthritis. Howitt 
and Christie ** emphasize the importance of the general progressive skeletal 
atrophy which they find demonstrable, before the onset of joint changes. 


SUMMARY OF THE PATHOLOGICAL SIMILARITIES BETWEEN SCORBUTIC AND 
RHEUMATOID ARTHRITIS 


It will be seen that there are many pathologic similarities between the ex- 
perimental scorbutic and rheumatoid types of arthritis. Features in com- 
mon include synovial proliferation and connective tissue pannus formation 
Inthe capsular and periarticular tissues, connective tissue overgrowth is seen 
in both conditions. The hyaline streaks of fibrin usually found in associa- 
tion with the connective tissue hyperplasia of scorbutic arthritis, appear to 
correspond with the “ fibrinoid ”’ degeneration, which Klinge finds to be a 
basic lesion in the rheumatic diseases. Retrogressive changes in the articu- 
ar cartilage are observed in both scorbutic and rheumatoid arthritis. In a 
few instances, fibrous tissue transformation of the subarticular marrow, 
noted by Nichols and Richardson in proliferative arthritis, has been seen 
nthe scorbutic joints. General skeletal atrophy, most marked at bone ends, 
sseen in both the experimental and clinical arthritis. Muscle atrophy and 
generation occur in both conditions. Finally, fibrous nodules develop 
teneath the skin in experimental animals, that are remarkably like the early 
‘ubeutaneous nodules of rheumatoid arthritis. One microscopic feature 
‘ommonly but not constantly observed in rheumatoid arthritis is the presence 
it focal collections of lymphocytes in and about the synovial tissues. This 
thange has been seen in only a few instances in the scorbutic joints and has 
tever been a prominent feature. It is possible that if a more chronic process 
vere produced experimentally, this lesion might be observed. 
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DISCUSSION 


Scattered reports have directed attention to joint disabilities in the 


presence of vitamin C deficiency. Jackson and Moore” noted the promi- 
nence of joint manifestations in guinea pigs fed an exclusively milk diet. 
Smith '* observed that the first manifestations of scurvy in guinea pigs ar 
swollen and tender joints. The diet employed by her consisted of a paste 
made of alfalfa meal and wheat flour with whole oats and water given ad lib 
Howe ™* fed guinea pigs rolled oats and fat free milk supplemented with 
small amounts of carrot and lettuce. By regulating the intake of carrots 
and lettuce he maintained the animals in a deficient state for periods of three 
months to a year. His interest was primarily in dental degenerative 
changes, but he states: “‘ The usual joint affections occur to a marked degree, 
and when this condition has been maintained for a long time and the animals 
are restored to a normal diet, it is found that the legs have become fixed in 
an abnormal position. This seems to us to be more like rheumatism and 
arthritis deformans than many experimental conditions that have been called 
such.” Stiner,’® in a paper entitled “ Experiments on Rheumatic Diseases 
in Animals,” observed that young guinea pigs fed sterilized food (e.g., hay, 
turnips, oats) and various kinds of prepared milk, developed joint swelling, 
disability and deformity. He recognized the vitamin C deficiency of the 
diet but was also inclined to ascribe a direct noxious effect to the pasteurized 
milk. He was impressed by the general similarity of the manifestations in 
the animals to the manifestations of rheumatism in man. It will be recog- 
nized that the experimental diets employed by the investigators cited ar 
probably deficient in other food factors than vitamin C, including salts 
and other vitamins, although the outstanding deficiency was certainly oi 
vitamin C. 
GENERAL CONSIDERATIONS 


Many of the epidemiological factors, previously considered,’® which 


apply to rheumatic fever, pertain also to rheumatoid arthritis. The evidence 
indicating the existence of latent scurvy and the factors relating to storag 
and utilization of vitamin C are equally pertinent. The observations sug: 
gesting that the vitamin C requirement may be enhanced by achlorhydria 
would appear significant in view of the relatively high incidence of this 
factor in rheumatoid arthritis. The data cited, indicating the depleting 
effects of fatigue and certain infections on the organic stores of vitamin C, 
suggest auxiliary mechanisms that might precipitate a significant deficienc) 
State. 
The impaired peripheral circulation, emphasized by Pemberton and 
Osgood " in rheumatoid arthritis, would appear explainable on the basis 0! 
vitamin C deficiency. The pathology of chronic scurvy is dependent, to 4 
considerable extent, upon the impairment of the capillary wall and attendat 
circulatory inadequacies. 

The importance of acute infections and of focal infection, emphasized 
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particularly by Cecil '* and his school, is not denied. Indeed, the experi- 
mental data strongly suggest that certain infection may accelerate and ag- 
gravate the scorbutic arthritis, and in some instances, it would appear that 
the deficiency may, by lowering the resistance of the joint tissues to cir- 
culating bacteria, favor their lodgement and the development of a truly 
infectious (purulent) arthritis. Milder infections might occur with less 
virulent organisms. 

How#t and Christie '' direct attention to the prodromal symptoms fre 
quently preceding the onset of rheumatoid arthritis. These include loss 
of appetite, tachycardia, fall in blood pressure, a slightly raised temperature, 
sweating of the liands and feet, dermatographia, tremor, nervousness, loss 
of weight, an extreme degree of fatigue, disability, and vague muscular 
pains. It would seem significant that many of these symptoms are charac- 
teristic of latent scurvy. 

There is a definite tendency among students of the subject, to consider 
theumatoid arthritis a general constitutional disease with joint manifesta- 
tions as its most serious feature. This is clearly evidenced by the reports 
ff the American Committee for the Control of Rheumatism '* and of the 
Committee of the British Medical Association *° as well as by numerous 
individual studies. The general atrophic changes often encountered in rheu 
matoid arthritis, involving skin, hair, fingernails, muscles and bony skeleton, 
have been particularly noted by Swaim. Swollen, puffy, edematous gums 
are frequently seen in this disease. Swaim~* observes: “ The gums are 
spongy and teeth decay easily. The mouth resembles that of a scurvy 
patient. ”” 

Many writers have stressed the importance of nutrition, notably 
Goldthwait,** Burnett and Ober,** Howitt and Christie,"' Irons,** Fletcher,* 
Pemberton,*® Rowlands ** and Hall.** The latter notes: “We are con- 
tantly seeing patients with severe arthritis, who for months or years have 
been eating inadequate or deficient diets. In such cases, the diet has been 
the depleting factor.” Rowlands,** and Fletcher and Graham ** have pre- 
ented indirect evidence that vitamin B deficiency may operate in the etiology 
{rheumatoid arthritis. The evidence is based essentially upon the fre 
juent observation of atony of the musculature of the colon. Fletcher and 
braham gave patients high vitamin diets with particularly generous amounts 
{vitamin B and observed improved tone in the bowel and frequently much 
‘linical benefit. It is not improbable that vitamin B deficient states do in- 
lirectly contribute to development of arthritis. Nutritional inadequacies 


are likely to be multiple. Vitamin B deficiency appears to act largely 


tough limitation of the voluntary food consumption by impairment of 
appetite. In this way, an inadequate vitamin C intake might follow in its 
wake, particularly if the food selection did not include the richer sources of 
this factor. 

Although it is not the primary purpose of this paper to report clinical 
tudies of rheumatoid arthritis which are in progress,*° certain general facts 
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have emerged which appear worthy of comment. In the first place, careful 
inquiry into dietary habits of persons suffering from this disease has in- 
dicated that a very considerable number have been on faulty diets, and in 
many instances, surprisingly low in vitamin C containing foods. Further, 
capillary resistance tests (an index of latent scurvy) have shown, in general, 
low levels, and with the institution of high vitamin C containing diets, these 
levels have risen. Several cases reported here exemplify these findings. 


CASE REPORTS 


Case 1. S. T.B., white male, aged 42. On January 15, 1934, the patient thought 
that he had sprained his right ankle. The next morning, he found his knees, elbows, 
wrists and ankles were stiff. The left knee was considerably swollen and the other 
joints less so. He entered the San Francisco Hospital, Febr. 10, 1934, showing 
moderate swelling and pain in wrists, knees and the right ankle. Study of his dietary 
habits revealed striking inadequacies for several years due to unemployment. 
Cracked oats, bread, coffee, beans and stews formed the bulk of his foods. Just 
preceding the onset of arthritis, the diet had been somewhat more generous but still 
More than usual physical work and exposure immediately preceded 
the onset of arthritis. Capillary resistance tests (Dalldorf method) gave low read- 
ings. The dental condition was extremely bad with reddened, edematous gums. The 
patient was given the routine hospital diet with a daily supplement of one quart of 


Improvement was rapid and recovery complete without further therapy. 
The 


low in vitamin C. 


orange juice. 
Four months later, the patient was found to have remained asymptomatic. 


capillary resistance level had returned to normal. 


In 


The presence of vitamin C deficiency here can hardly be doubted. 
fact, it appears that the patient probably suffered a scorbutic arthritis which, 
however, was clinically considered to be an early, relatively acute, rheumatoid 


type of arthritis. 

Case 2. C. H., white female, aged 42, entered University of California Clinic 
January 1, 1934, with a complaint of pain and swelling of right foot and ankle ior 
past eight months. At the onset, she had an attack of pleurisy. Transient pains 
appeared in her elbows and ankles. A few days later, the pain in the left ankle 
became very severe. At about the fourth week, the ankle was said to be of a bluish- 
red color. At the clinic, the ankle showed a diffuse hard swelling with a yellowish 
area of discoloration at the medial aspect. Roentgen-ray examination revealed 
marked atrophy of the bone about the ankle joint. The roentgen-ray diagnosis was 
acute infectious arthritis. Diet analysis by an experienced nutritionist revealed 4 
low intake of vitamin B and what was considered a very low intake of vitamin C 
The capillary resistance test showed a surprisingly low strength. The ankle was 
placed in good position in a light ambulatory splint, and the patient returned to her 
home with diet instructions to supply a very generous amount of vitamin C. One 
month later, excellent improvement in the condition of the ankle was noted. The 
capillary resistance showed a moderate but definite elevation. A report of recent 
date indicates little or no residual disability. ; 

Case 3. A.H., white male, sailor, aged 45, entered U. C. Hospital, March 1, 1935, 
with a typical erythema multiforme and a mild arthritis, dating back two weeks. 0” 
entry, examination showed swelling of knees with excess fluid, and some limitation 
of movement in shoulder. Dietary inquiry revealed generous and apparently adequate 
food intake including vitamin C up to five months ago, when the patient lost his job 4 
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amerchant sailor. Since that time, the patient had been on relief, receiving a small 
cash allowance. He prepared his own food. The caloric intake was relatively gen- 
erous, but except for potato, practically no vitamin C-containing foods were consumed 
He ate little or no fresh fruit or vegetables in this period. Capillary resistance tests 
were considered within normal limit. Oral hygiene was poor, and the gums were 
puffy, red and edematous. On March 3, 1935, the patient was started on daily doses 
of sodium ascorbate (250 mg.) intravenously. The following day, the left wrist was 
gainful to movement, and there was thickening over the first metacarpal phalangeal 
yrticulation. The erythema showed evidence of clearing. March 7: Pain and 
welling in knees were subsiding, and the wrist pain had gone. Progressive clinical 
improvement ensued, which has persisted to date, in spite of the fact that a suppurative 
inguinal lymphadenitis has developed. At the present, five weeks after entry, the 
kin is clear and patient is free of arthritis. The general condition is improved and 
sums appear firmer. The patient was given 7 daily doses of sodium ascorbate (250 
mg. each) intravenously, then doses three times a week for three weeks, following 
which he was advised to eat vitamin C-containing foods. 

Case 4. L.H. F., male, aged 34. This patient is one who had a chronic arthritis 
{the rheumatoid type with marked disability and deformity. A more or less pro- 
gressive development dated back to an onset 16 years previously. Dietary habits 
ndicated a moderately but not severely low intake of vitamins B and C-containing 
foods. Capillary resistance tests gave strikingly low readings. The gums were puffy, 
reddened and retracted. The arthritic disability consisted in stiffness, deformity and 
gain in hands, wrists, elbows, feet and ankles. The patient was instructed to take 
ne pint of orange juice daily. He has been on this régime for 15 months. Grad- 
wlly the capillary resistance has returned to a nearly normal level at present. Al 
though improved, it was distinctly low six months after onset of dietary régime. 
Although he has had recurrent attacks of pain in one or more joints, the painful 
eisodes are distinctly less frequent and less severe. The patient considers his gen- 
eral sense of well being and arthritic condition distinctly improved. 

The writer does not wish to be guilty of the single-minded zeal warned 
against by Pemberton.** Indeed, he is in complete sympathy with a broad, 
mbiased approach to the problem, and realizes that many factors, some 
known, others not, lie in the background. It is felt, however, that the evi 
knee indicates that vitamin C deficiency may operate as an important fac- 
lor in the etiology of some cases of rheumatoid arthritis, and that the con- 
tpt is worthy of serious consideration. 


SUMMARY AND CONCLUSIONS 

Subacute or chronic vitamin C deficiency in the guinea pig produces an 
athropathy with manifold similarities to rheumatoid arthritis. These in- 
ude synovial proliferation, intra-articular pannus formation, periarticular 
ibrous tissue overgrowth,’ bone atrophy and subcutaneous nodules. In 
trtain instances, superimposed infection accelerates and accentuates the 
fathological process. In this study, infection in the presence of adequate 
‘itamin C nutrition failed to produce arthritis. Brief evidence is presented 
that vitamin C deficiency may, by producing a locus of diminished resistance, 


80 Operate as a predisposing factor in the etiology of truly infectious (sup- 
jurative) types of arthritis. The general atrophic changes found in rheu- 
natoid arthritis involving bony skeleton, muscle and skin, are seen also in 
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chronic vitamin C deficiency. Evidence indicating the probable clinical 
importance of latent scurvy, and the depleting effect of fatigue and certain 
infections on the organic stores of vitamin C, is noted. Clinical data ar 
cited that the nutritional habits are frequently imperfect preceding the onset 
and during the course of rheumatoid arthritis. [¢xperimental, epidemiologi- 









cal and clinical evidences afford the basis for the concept presented, that 






vitamin C deficiency may operate as a factor in the etiology of some cases 





classified as rheumatoid arthritis. 
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THE EFFECTS OF CHRONIC DISEASE OF THE LIVER 
ON THE COMPOSITION AND PHYSICOCHEMICAL 
PROPERTIES OF BLOOD: CHANGES IN THE SE. 
RUM PROTEINS; REDUCTION IN THE OXYGEN 
SATURATION OF THE ARTERIAL BLOOD * 


By AvBert M. SNeEtL,+ M.D., F.A.C.P., Rochester, Minnesota 


THERE are many problems in connection with chronic parenchymatous 
disease of the liver which have never been satisfactorily explained on an 
anatomic basis alone. For instance, it is difficult to understand why certain 
individuals with moderate or advanced degrees of nodular cirrhosis have 
minimal symptoms or none at all; cirrhosis is frequently discovered at opera- 
tion or necropsy in cases in which there have not been any symptoms of it, 
and this has given rise to much discussion as to what compensatory processes 
are involved. While it is true that the liver possesses extraordinary powers 
of regeneration and a large functional reserve capacity, these facts do not 
fully explain the persistence of anatomic changes in the organ and the 
maintenance of normal or nearly normal health. 

One also sees numerous examples of “toxic” or other types of cir- 
rhosis, in which recovery takes place even after all of the signs and symptoms 
of late hepatic disease have developed.** In some of these individuals, as 
in the experimental animal, the liver apparently returns to a normal ana- 
tomic and physiologic state; in others, the liver retains the appearance of 
disease, but for all practical purposes it is functionally sound. The cirrhosis 
which is associated with splenic anemia is a case in point; it does not dis- 
appear after splenectomy, but the patient may be greatly improved in health 
by this procedure, and hepatic function may show only minor abnormalities 
when studied by means of appropriate tests. 

These clinical observations, as well as numerous physiologic studies, 
lead one to believe that the liver is somehow concerned in the maintenance 
of the “ internal environment” and that when under certain conditions 1 
fails in this respect, a vicious circle is developed, leading to progressive 
disintegration of the hepatic parenchyma and further changes in the physio- 
logic constants of the living organism. It is natural to search for such 
changes in the blood, since the liver is intimately connected with the pro- 
duction of certain of its constituents. The studies to be reported are 
concerned with the probable relation of the liver to the maintenance of the 
serum proteins and with the occurrence of changes in the oxygen content 
of arterial blood secondary to hepatic disease. It is apparent that changes 


in both of these physiologic constants have some bearing on the clinical 
* Read at the Philadelphia meeting of the American College of Physicians, May 1, 1935. 

From the Division of Medicine, The Mayo Clinic, Rochester, Minn. 

+ With the technical assistance of Elizabeth Maclay, B.A. 
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manifestations of hepatic damage and that they may be in some manner 
related to the production of the “ vicious circle’ of progressive deteriora- 
tion or destruction of the liver cells. 


SERUM PROTEINS IN HEPATIC DISEASE 


The relation of the liver to the production of plasma proteins has been 
disputed; although it is generally agreed that fibrinogen is exclusively a 
hepatic product,” it is not certain that serum albumin and serum globulin 
are manufactured in the liver alone. Direct proof is not available at 
present, but experimental data furnish some indirect evidence implicating 
the liver in formation of these substances. 

Kerr, Hurwitz and Whipple ***** in a series of papers (1918) re- 
ported that there was regeneration of the serum proteins following plasma- 
pheresis and that the globulin was replaced more rapidly than the albumin. 
They noted that, after a 50 per cent depletion of serum proteins, regenera- 
tion took place in from five to seven days, which happened to be exactly 
the time required for regeneration of the liver cells after an episode of 
hepatic necrosis produced by carbon tetrachloride. It was also observed 
that phosphorus and carbon tetrachloride poisoning resulted in moderate 
decreases in the serum proteins, and that regeneration of the protein oc- 
curred slowly in the presence of hepatic injury or of an Eck fistula. 

Sawada later observed a decrease in the albumin and an increase in the 
globulin content of the serum following experimental schistosomiasis, and 
in phosphorus, chloroform, and carbon tetrachloride poisoning, and Boll- 
man has noted similar changes in experimental hepatic lesions produced 
by various substances. Fiessinger and Gothie have shown a decrease in 
the total protein content of the serum after hepatectomy and a decrease in 
the total protein, with reversal of the albumin-globulin ratio after the pro- 
duction of an Eck fistula. Recent work (1934) from Whipple’s * * 
laboratory has given support to the theory that the liver is intimately con- 
cerned in the formation of serum proteins. These studies suggest that there 
is a reserve of protein-building material in the organism which is stored, 
at least in part, in the liver and which is probably at least 50 per cent albumin 
or albumin-producing material. Whipple and his coworkers also concluded 
that there is probably a dynamic equilibrium between tissue and plasma 
protein, in which equilibrium the stored material in the liver probably 
hgures, 

There is a long series of reports on the relation of hepatic disease to the 
level of serum protein, the first of which contained the observations of Gil- 
bert and Chiray, and Grenet * * *% 2. 2, 9%. , as ©, 5¢,5%,9* (1907). It has 
been observed repeatedly that in advanced chronic hepatic disease, there is 
irequently a moderate reduction in the total amount of serum protein, the 
diminution occurring chiefly in the albumin fraction, with reversal of the 
albumin-globulin ratio. In the less advanced cases, the albumin may be 
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only moderately reduced and the gprenten antenity ee Se phan 
ably is responsible for the latter finding. v In oy . - _ . 
however, the effects on the albumin-globulin ratio are vege ” = 7 
advanced chronic hepatic disease, albumin-globulin ratios “ on Po ze = 
been observed; in less serious types, the changes are not ” wi vind = 
stant, and the ratio tends to return to normal as improv ru hop ha : 
The data in a small series of selected cases observed venir ited - . Le rn 
presented graphically in figure 1. These results are in accor« é 
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reports on clinical cases| mentioned in the literature and also with ths 
recently reported by Myers and Keefer.*® Ina any — ch the normal 
of all types of hepatic disease I have found only a e" 7 ¥ npnotcsetin were 
albumin-globulin ratio was not disturbed, although the aeee ad om 
not necessarily reduced. The rapidity with which sap ons iit ee 
tein and the albumin-globulin ratio may take place - e : i ae 
repeated determinations on the same individual indicate tha ¢ 


may not be without some prognostic significance. ae palo 
have properly raised the objection that these se cage a | (eh cecal 
may be of nutritional origin, rather than being attri ago : alnutrition in 
production of protein in the liver. However, the eagree a = sn aa 
many of the cases cited was not conspicuous, and — ae It has also 
variations occur is not ay sane on a pesos sgn effect of 
been noted that in hepatic disease, feeding of prote 
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either the total serum protein or on the albumin-globulin ratio. The amount 
of protein lost in ascitic or edema fluid does not seem to be a factor; Barnett 
and his collaborators noted one patient who lost an average of 10 gm. of 
protein daily in the ascitic fluid over a long period of time and yet main- 
tained the plasma proteins at a fairly constant although somewhat lowered 
level. In general, the clinical and experimental evidence related to lowered 
serum protein in cases of hepatic injury seems to indicate a failure of pro- 


duction of protein or protein-building substances on the part of the liver, 
with an altered equilibrium. between circulating and stored protein. The 
fact that changes occur chiefly in the albumin fraction is in accord with the 
previously observed fact that it is formed less readily than globulin.” * 

The principal effects referable to the reduced albumin content of blood 
serum of patients with hepatic disease are obviously related to the produc- 
tion of ascites and edema. The “ edema level” (4 to 5 gm. per 100 c.c. ) 
for the total serum proteins is not often reached, but the disproportionate 
reduction in serum albumin may reduce the osmotic pressure of blood serum 
sufficiently to produce transudation, especially in regions where venous 
stasis occurs. As Wells and his collaborators have shown by direct meas 
urement, the specific osmotic pressure of serum is a linear function of its 
concentration of albumin; the globulin content is relatively unimportant 
In malnutrition, edema may occur with values for serum albumin of less 
than 3 gm. per 100 c.c.7°; in the serum of nine of 11 patients with ascitic 
cirrhosis (figure 1), the value for albumin was 3 per cent or less. In the 
cases of obstructive biliary cirrhosis, and in those of intrahepatic jaundice, 
the albumin was at or near the 3 per cent “ edema level,’”’ but not more than 
+ per cent in any case. These patients had neither ascites nor appreciable 
edema. It should be noted that ascites in hepatic disease does not neces- 
sarily depend on the level of serum albumin alone; since one encounters 
readings of 3.5 to 4 gm. per 100 c.c. in the presence of ascites, and lower 


~ 


igures in cases in which ascites is absent, such factors as portal venous 
stasis and chronic peritoneal irritation must also play an important part 
rhe lowered serum albumin is a contributing factor only. Other effects 
of a lowered content of serum albumin on the organism are largely matters 
of conjecture; disturbances in general tissue nutrition may be produced by 
this means, but proof is lacking. One diagnostic procedure, the Takata-Ara 
reaction, may be dependent on variations in the content of serum protein, 
and especially on the relatively high values for globulin **; a small experience 
with this test indicates that there is possibly some correlation between posi 
live tests and reversed albumin-globulin ratios. 

One may conclude that one of the fairly constant effects of parenchyma 
tous hepatic disease is reduction in the serum albumin and reversal of the 
albumi globulin ratio; that these changes are most probably related to 
deficient production of protein by the liver, and that for this reason they 
may have some diagnostic and prognostic significance; and finally, that the 
‘rum albumin is often at or near a level which makes the production of 
ascites and edema relatively easy. 
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REDUCTIONS IN THE OXYGEN SATURATION OF THE ARTERIAL BLoop 


My attention was first called to the possibility of anoxemia being a 
factor in hepatic disease by the work of Rich, who noted that in pernicious 
anemia there was atrophy of the cells around the central veins of the hepatic 
lobules, presumably the result of oxygen want. He showed subsequently 
that the same lesions were present after simple hemorrhage in experimental 
animals, and confirmed MacCallum’s observations that this same type of 
atrophy was ‘found in certain types of chronic passive congestion of the 
liver. Later Rich and Resnik showed that if animals were kept in an at- 
mosphere low in oxygen, atrophy of the cells of the central portion of the 
lobule developed ; Campbell and Rosin have made similar observations, and 
Loewy has noted certain physiologic and chemical changes in the liver under 
the same conditions. With these findings in mind, the possible relation of 
oxygen want to other chronic hepatic lesions was investigated. 

Methods and Technical Considerations. Arterial blood for analysis 
was obtained by arterial puncture from the brachial artery under local anes- 
thesia with procaine. Venous blood was drawn, without stasis, from the 
median or the basilic vein. A sterile syringe containing 5 c.c. of sterile min- 
eral oil, free of air bubbles but not previously evacuated, was used in collect- 
ing each specimen. Immediately after withdrawal, the blood was placed 
under mineral oil in a small beaker, and a few crystals of potassium oxalate in 
the beaker were mixed with the blood by gentle stirring with a small glass rod 
Analysis of these samples was made for oxygen and carbon dioxide content; 
most of the analyses were completed within an hour; all were completed 
within three hours after the blood was drawn. In a few cases the deter- 
minations were repeated four to six hours later. This delay resulted, in 
each instance, in only slight increase (1 to 2 per cent) in the oxygen content 
of the oil-protected sample. Samples of blood used for determination of 
oxygen capacity were equilibrated with room air and at room temperatur 
by rotating in a 150 c.c. separatory funnel for 15 minutes or longer; con- 
stant rotation of the funnel insured maximal exposure of the blood. The 
technic and apparatus used in determining oxygen and carbon dioxide in 
arterial and venous bloods were essentially those described by Van Slyke 
and Neill in 1924, using a modified oxygen absorption mixture as introduced 
by Van Slyke in 1927. Determinations were done in duplicate, simul 
taneously, on two machines of the closed manometer type. “ Percentage 
_ saturation,” more correctly stated as “ percentage oxygenation,” was cal- 

culated by dividing the oxygen content by the oxygen capacity ; both conten! 
and capacity were expressed in volumes of oxygen in 100 c.c. of blood. 


CASE REPORTS 


Case 1. The first case studied was that of a man, aged 46 years, of pronounce? 
alcoholic habits, who presented himself because of weakness, loss of weight, am 
. ° ° ° ° ° f the 
jaundice of two months’ duration. On examination the peculiar, dusky color 0! the 
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D facies attracted attention; there seemed to be definite cyanosis in addition to visible 

iaundice. Examination of the lungs gave entirely negative results. The heart was 
ga slightly enlarged; the apex was felt just to the left of the nipple line. The pulse rate 
lous averaged about 100 beats per minute while the patient was at rest, and the patient was 
atic definitely dyspneic on slight exertion. The blood pressure, in millimeters of mercury, 


ute was 130 systolic and 90 diastolic. The liver was symmetrically enlarged and firm; 


the spleen could not be felt, and there was a small amount of free fluid in the abdomen. 
ntal 


The urine was negative. There were 16 gm. of hemoglobin per 100 c.c. of blood, as 
of measured by spectrophotometric methods, corresponding to an oxygen capacity of 21.4 
the volumes per cent. The erythrocytes numbered 3,780,000, and the leukocytes 9,400 per 
at- cubic millimeter of blood, and the differential formula was normal. Examination of 
the 
and 


stained blood smears disclosed slight macrocytosis. A serologic test for syphilis was 
4 7 
' 


negative. Roentgenologic and fluoroscopic examinations of the chest revealed nothing 


f importance, except slight, diffuse widening of the aortic shadow. The urea, uric 


der aid, and sugar content of the blood serum were normal The bilirubin content of 


the blood serum was 4.4 mg. per 100 c.c. The fragi f the erythrocytes was not 
al. The liver functional test with bromsulphalein disc d retention of grace 
4. A galactose tolerance test revealed excretion of 3.36 gm. of reducing substance 
in five hours. There was definite oxygen unsaturation of the arterial blood, as is 

in table 1. Spectroscopic examination of the blood did not give evidence ot 
uethemoglobin or sulphemoglobin. 

The patient was reéxamined two months later. The slight cyanosis and jaundice 
were unchanged, and the liver was definitely smaller, » anemia had increased 
somewhat ; the concentration of hemoglobin was 11.1 gm. per 100 c.c. of blood, cor- 
responding to an oxygen capacity of 14.8 volumes per The liver functional test 
with bromsulphalein gave evidence of retention of dye, grade 3. Careful reéxamina- 
tion of the lungs and heart by physical, roentgenologic, and fluoroscopic means did not 
give evidence of any definite pulmonary or cardiac lesion 

At the last examination, four months later, the patient was definitely dyspnei 
ind orthopneic, and both the cyanosis and ascites apparently had increased somewhat 
\gain, no pulmonary or cardiac lesion could be demonstrated to account for the 
anoxemia. Saturation of the arterial blood with oxygen was even lower than before, 
and saturation of the venous blood, which previously had been within normal limits 
was significantly reduced. Retention of bromsulphalein, grade 2, persisted. A fte 
inhalation of 50 per cent oxygen for 10 minutes, the arterial saturation of oxygen was 
only 88 per cent. It seemed possible that the cyanosis was connected in some way 
with the probable hepatic cirrhosis, since there were no cardiac lesions or lesions of 
the respiratory tract to explain the condition. 

The patient died suddenly one month later, from a profuse gastrointestinal hemor 
thage. Roentgenologic examination of the stomach previously had been negative, 
and it was assumed that the source of the hemorrhage was esophageal varices 

Case 2. The second patient, an obese man, aged 49 years, presented a typical 
dinical picture of portal cirrhosis, probably of alcoholic origin. An adenomatous 
goiter with mild hyperthyroidism, and a basal metabolic rate 25 per cent above not 
mal also was present, but there was no demonstrable cardiac incompetence at any 
ime. The oxygen content of the arterial and venous blood was determined before 
ind after thyroidectomy, and again several months later; the results are noted in table 
To conserve space, further details of the clinical course are omitted. Because 
ithe complicating factor of the hyperthyroid state and the possible effect on the 
‘irculation, these data may not be admissible as evidence 
_ Case 3. This patient, a man, aged 58 years, presented a somewhat different 
‘ituation, in which extraneous factors were fairly well eliminated. He also had a 
definite history of alcoholism. He presented himself at the clinic because of jaundice 
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of five months’ duration, and ascites and edema of two weeks’ duration. Physical 
examination revealed a dropsical and jaundiced individual who was in poor general 
The diaphragm was somewhat elevated, and a few inconstant, moist rales 
were heard at the bases of the lungs posteriorly. he abdomen was distended with 
fuid, and there was definite edema of the legs and genitalia. Examination of the 
heart revealed no objective findings of consequence. The systolic blood pressure, in 
millimeters of mercury, was 132, and the diastolic, 82. 
per minute. Visible collateral circulation was noted over the abdomen, and the liver 
was moderately enlarged. The patient was hospitalized immediately for further study. 

Among the significant laboratory findings were definite macrocytic anemia; the 
value for hemoglobin was 10 gm. per 100 c.c., corresponding to an oxygen capacity 
of 13.4 volumes per cent, and erythrocytes numbered 3,170,000 per cubic millimeter 
of blood. The urea content of the whole blood was 22 mg., and the bilirubin content, 
44 mg. per 100 c.c. Liver functional tests disclosed retention of bromsulphalein, 
grade 4. Electrocardiographic examination was negative. Roentgenologic examina- 


condition. 


Che pulse rate was 112 beats 


tions of the chest gave no evidence of appreciable increase in density at the bases of 
The arterial oxygen saturation was reduced (table 1), and there was only 


the lung's. 


slightly greater saturation after 4,000 c.c. of ascitic fluid had been withdrawn by 


paracentesis. There was, however, a slight rise in the oxygen saturation of the 
venous blood after this procedure. Following paracentesis, the cardiac output was 
5.6 liters per minute (2.55 liters per minute per square meter of body surface). The 
blood was negative for methemoglobin and sulphemoglobin on spectroscopic examina 
tion. A few days after the second series of oxygen studies, a small area of con 
gestion was made out in the base of the right lung, both by physical means and by 
roentgenologic examination. The patient was kept in an atmosphere containing 50 
per cent oxygen for several days, in which time the chest cleared up entirely, and the 
arterial oxygen saturation rose to practically normal. Following a blood transfusion 
and another paracentesis, the patient was dismissed from the hospital considerably 
improved. He died, however, two months later in typical hepatic coma. Throughout 
his stay in the hospital the chest was examined daily for any lesion which might of 
itself tend to produce anoxemia, but with the exception of the small area of con- 
gestion previously referred to, there were never any findings of consequence. As 
has been noted, the original oxygen studies were made before and after paracentesis, 
while the chest was, for all practical clinical purposes, clear, although some edema of 
the alveolar walls could not, of course, be excluded 


COMMENT 


With these three cases in mind, further study of the problem was begun, 
and determinations of oxygen were made on the arterial and venous blood 
of a series of patients who had portal cirrhosis; a group of controls was 
checked at the same time. 

Of 20 persons studied, consisting of ambulant individuals of both sexes. 
chiefly healthy laboratory workers or patients who had peripheral vascular 
disease, the oxygen capacity of the blood ranged from 16.8 to 22.9 volumes 
per cent, with a mean of 19.6 volumes per cent. The arterial oxygen satu 
ration varied from 90.8 to 98.4 per cent (average 94.7) ; the low est reading 
was obtained on a patient who had thromboangiitis obliterans and extensive 
phlebitis ; moreover, some antecedent pulmonary infarction could not be 
absolut« ly excluded. Thirteen hospital patients, chiefly patients with com- 
plicated or recurrent peptic ulcers, cholecystic disease, or gastric carcinoma 
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without evident metastasis, were also examined. In this group, the oxygen 
capacity ranged from 16.0 to 23.2 volumes per cent, with a mean value oj 
18.4 volumes per cent; the average arterial oxygen ranged from 92 to 95 
per cent, with a mean value of 93 per cent. As might be expected, the 
average venous saturation was slightly lower in the ambulant group (64,7 
per cent) than in individuals who were at more or less complete rest in bed 
(67.6 per cent). The figures relative to the ambulant patients are similar 
to those given by Peters and Van Slyke, and by Harrop, for normal sub- 
jects; the results on patients who were confined to bed were slightly lower, 
a fact which may be explained by their inactivity, weakness, and _ possibly 
by a sluggish pulmonary circulation. 

Data on the oxygen capacity, content and percentage saturation of ar- 
terial and venous blood in a group of 20 additional patients who had portal 
cirrhosis are given in table 2. It should be noted that five patients of the 
group (cases i+ to 1&8 inciusive) displayed only minor degrees of arterial 
oxygen unsaturation; that three of these had syphilitic cirrhosis; and that 
one of this group of three (case 11) was definitely anemic and had no as- 
cites at the time of examination. In this case, however, there was definite 
oxygen unsaturation of the arterial blood (12.2 per cent) on light exercise 
Another of this group of three (case 16) had had ascites intermittently for 
three years, but had remained in good general condition. The third (case 
19) had had a recent profuse gastrointestinal hemorrhage and at the tim 
of examination was very anemic. Of the remaining 15 patients, two (cases 
4 and 5) demonstrated arterial oxygen unsaturation of more than 15 per 
cent, and both were in very poor condition, death occurring within a few 
weeks after the examination in question. Somewhat more than half of the 
whole group had a percentage oxygenation (85 to 90 per cent) of arterial 
blood, corresponding to that which is found in normal persons living at high 
altitudes. Jaundice apparently was not essential for the presence of anox- 
emia; the amount of ascitic fluid and the degree of abdominal distention im 
the group also varied considerably, without apparent effect on the degree of 
oxygen unsaturation of arterial blood. The actual percentage of hemo- 
globin present, and consequently the oxygen capacity, did not appear to be 
a factor, although the arterial blood of the most anemic patient in the group 
was of approximately normal oxygen saturation. With improvement i 
the patient’s condition (two cases), normal values for oxygen saturation 
were obtained. ‘The acuteness of the hepatotoxic process, its severity, and 
the general condition of the patient seemed to be paralleled roughly by the 
percentage oxygen saturation of the blood in any given case. 

In portal cirrhosis, there remains some probability that in certain cases 
the anoxemia is related to the ascites, to the subsequent elevation of the 
diaphragm and atelectasis of the lungs, and also, possibly, to clinically un- 
recognizable edema of the alveolar walls. However, certain patients repre 
sented in table 1 had definite ascites, and yet the arterial oxygen unsaturation 
in these cases fell within the range of the ambulatory control group; the 
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portal cirrhosis 
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verified. In Os arterial oxygenation 
96 per cent 

Polycythemia vera; portal cirrhosis 

One year later; marked symptomatic 
improvement 


irincipal factor which these patients had in common was that the condition 
'as chronic, and the general condition of all these individuals was reason- 
ibly good. ‘The sudden death of one patient in the group, from mesenteric 
“irombosis, allowed for verification of the hepatic lesion at necropsy; a 
‘finite nodular type of cirrhosis was found. An opportunity also presented 
self, at this time, to study the purely mechanical effect of ascites on two 
ther patients, one a man, aged 50 years, who had active tuberculous peri- 
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tonitis and a normal liver, verified both by appropriate functional tests and 
at operation, and the other was a woman, aged 40 years, who had chronic 
glomerulonephritis, ascites, and edema; in both cases, the arterial oxygen 
unsaturation was not appreciably greater than that noted in other cases jn 
which patients were bedfast ; the percentage saturation of the arterial blood 
in the first case was 91.3 per cent, and in the second, 93.2 per cent. 

In order to distinguish further between the possible mechanical factors 
involved and the effect of the hepatic disease per se, a second and third 
group of cases were studied, including patients who had various types oj 
acute parenchymatous hepatic damage and also patients who had prolonged 
obstructive jaundice, attributable to stricture of the common duct, neoplasm 
and stone. In only one case of this group was ascites present. The results 
are given in tables 3 and 4. It will be noted that in three of the six cases 


in which jaundice of the “ intrahepatic ” type was present (table 3), mod- 
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erate degrees of unsaturation of the arterial hemoglobin were observed; thi 
most marked change was noted in a case of severe hepatitis attributable t 
cinchophen. 

In the nine cases of obstructive jaundice and various degrees of hepatitis 
cholangitis, and biliary cirrhosis (table 4), the blood of only one patietl 
was of normal oxygen saturation; the blood of five other patients av 
values which averaged about 5 per cent below normal, and in the remaining 
three, strikingly low values were obtained. Two of these patients had 
stricture of the common duct of long duration, with extreme degrees of 
obstructive biliary cirrhosis; a third patient (case 37) had very marked 
cholecystitis, hepatitis, and cholangitis, and was deeply jaundiced at the 
time of examination; in this case, the normal figures obtained one month 
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and TABLE IV 


Blood Oxygen Content of Patients Who Had Obstructive Jaundice 
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Stricture of common duct of long 
duration; marked biliary cirrhosis 
with hemorrhagic tendency 

Stricture of common duct and 
hepatic insufficiency; extremely 
ill 

Marked biliary cirrhosis; carcinoma 
of gall-bladder with metastasis; 
portal thrombosis 


Severe cholangitis and hepatitis 
before operation 
95 After operation; much improved 
90. Carcinoma of pancreas and cir- 
rhosis, grade 3 
80.4 Coma hepaticum (two weeks later) 


* Highest recorded level in each instance. 


alter operation coincided with the striking clinical improvement which had 
occurred in the interval. In one other case (case 33), a postoperative 
determination of the arterial and venous oxygen content was made, but little 
change was noted from the earlier figure; this was to be expected in view 
of the advanced hepatic fibrosis and biliary cirrhosis, which followed six 


months of obstructive jaundice caused by stone in the common duct. Case 


38 was of special interest because of the low percentage oxygenation of the 
arterial blood noted while the patient was in hepatic coma, a point which will 
be mentioned later, 

In the whole group of patients who had hepatic disease, the degree of 
oxygen unsaturation of the arterial blood seemed to reflect the general condi- 
tion of the patient ; numerous exceptions were noted, but in general a normal 
or slightly reduced oxygen saturation of the arterial blood was found only 
When the patient’s general condition was better than the average; a very low 
ee fine oxygen saturation usually indicated a condition bordering on 
hepatic insufficiency. These observations on clinical subjects are supported 
0a very considerable extent by studies on experimental animals, the details 
ot which will be reported subsequently by Bollman and me. 
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venous hemoglobin are normally saturated with oxygen. 





















respiration, suggested by Meakins, may play a part, but it 







in about 80 per cent there was edema of the pulmonary bases, 











The possible causes of anoxemia in these cases require some discussion, 
There are, according to Peters and Van Slyke, four types of anoxia (anox. 
emia): (1) anoxic anoxia, a condition produced by high altitudes, chronic 
pulmonary or bronchial lesions, and congenital cardiac anomalies which 
allow for admixture of arterial and venous blood; (2) anemic anoxia, a- 
tributable to a decrease in the concentration of hemoglobin in the circulating 
blood; this may be attributable to anemia from various causes, or to the 
presence of inactive compounds of hemoglobin; (3) stagnant anoxia, at- 
tributable to failing circulation; this may be present in such conditions as 
cardiac failure and venous obstruction; (4) histotoxic anoxia, attributab 
to conditions in which the tissue cells are unable to take up oxygen from 
the circulating blood, as in poisoning with cyanides and alcohol. In the 
first type, anoxic anoxemia, there is a reduced percentage oxygenation o/ 
arterial blood; in the second, anemic anoxia, the percentage saturation oi 
hemoglobin in arterial blood is normal, but the low content of functioning 
hemoglobin produces a low arterial and venous oxygen tension. In stag: 
nant anoxia, the hemoglobin is normal in amount and the percentage oxyger 
saturation of the arterial blood is within normal limits, but the oxyger 
tension of the venous blood is low; in histotoxic anoxia, the arterial and 


The results of the studies reported above, on oxygen content of the blood 
of patients with hepatic disease, indicate that the anoxemia is of the anoxic 
variety and that the cause may be tentatively assigned to some change in the 
lung or to a failing circulation. However, the latter could hardly be a 
important factor, especially if patients do not have ascites and edema. 
dropsical patients it is not so easily excluded; however, in three such cases 
the cardiac output was normal or elevated, and in none of our cases was 
there any evidence of preéxisting cardiac disease. The arterial blood pres 
sures in the whole group of cases studied were within the limits of normal 
Attention is drawn to the lungs chiefly because of the observed increases 1 
the oxygen saturation of arterial blood after inhalation of 
Lundsgaard and Van Slyke have noted, the fact that one can relieve visibl 
cyanosis and increase the percentage saturation of arterial blood to norm’ 
levels by this means is fairly good evidence that the seat of the anoxemit 
lies in deficient absorption of oxygen from the alveoli. There were no cot- 
stant or characteristic pulmonary findings in these cases; even on repeatel 
physical and roentgenologic examination nothing of consequence could lx 


made out in the chest except in the occasional case. The factor of shallov 
hardly seems 


oxygen. As 


sufficient to explain the whole picture. Vital capacity was somewhat tf 
duced in certain of our cases, but this might be expected in any diseas 
process of equal severity. Data obtained at necropsy, as one might expect 
show some evidence of pulmonary lesions; in a series of 40 consecutive fat 
cases of chronic parenchymatous hepatic disease, which Foley has reviewed 


gr ide 1 or 2 


if 


pr 
th: 
ge 
pt )' 
for 
mc 
det 
Spe 
enc 
of 

of | 
for 
fro 
Sti 
que 
rab 
of 1 
abi 


spe 


gl | 
pur 
able 
of 





sSion 
ANOX- 
ronic 
vhich 
a, at- 
ating 
oO the 
1, at- 
nS as 
tab 
fro n 
1 the 
mn of 


mn of 


ning 
Stag- 
ygel 


yge 


703 


CHRONIC DISEASE OF THE LIVER 


and terminal bronchopneumonia or hydrothorax, singly or in combination. 
On the basis of pathologic evidence, the pulmonary lesions were considered 
to be essentially terminal phenomena, and there was little to indicate that 
they played a part in the production of anoxic anoxemia during life. Edema 
of the alveolar walls, of minor degree, may cause reduction in arterial oxygen 
saturation, as Rthl has shown by the production of histamine shock in 
experimental animals; similar changes cannot be absolutely excluded in 


hepatic disease, and may constitute a major factor in the production of 


anoxemia. 

Is it possible that changes in the hemoglobin itself could produce anox- 
emia of this type? There are adequate reasons to assume that the liver is 
concerned with formation of hemoglobin. The work of Whipple ™ and 
his collaborators indicates that ‘‘ the liver participates in active fashion in 
the preparation of parent substances for hemoglobin production ”’ and that 
in severe hepatic injury, with anemia, these hemoglobin-production factors 
can be shown by biologic assay to be greatly reduced. Similar low hemo 
globin-production values have been demonstrated in cirrhosis by this same 
means,°” especially if hepatic insufficiency had been present before death. 
This is in accord with the observed macrocytic anemia of chronic hepatic 
disease, the presence of which has been repeatedly noted and recently re 
viewed by Fellinger and Klima. Although the failure of hemoglobin- 
production under these conditions is evident, it is pure hypothesis to assume 
that the hemoglobin may be altered in a qualitative fashion, since it is 
generally supposed that hemoglobin of man is a substance of constant com- 
position,” ** and that its structure is not altered in disease. Such well known 
forms of inert hemoglobin as methemoglobin, sulphemoglobin, or carbon 
monoxide hemoglobin do not enter into consideration, since they can be 
demonstrated by spectroscopic examination, and in the cases studied the 
spectroscopic appearance of the blood was normal. The close correspond 
ence between the values for hemoglobin and the figures for oxygen capacity 
of the blood in these cases eliminates, for practical purposes, the possibility 
of the formation of nitrobenzol hemoglobin or related compounds.** Other 
lorms of inactive hemoglobin are largely hypothetical and can be excluded 
irom consideration by the same means. However, Ray, Ray and Stimson, 
Stimson, and Stimson and Hrubetz in a series of papers, have discussed the 
question of a non-oxygen carrying hemoglobin which appears in the blood of 
rabbits after splenectomy. They also noted that after partial hepatectomy 
of rabbits, there was a discrepancy between the total pigment of blood and its 
ability to transport oxygen, and they called attention to a change in the 
Spectrosec pic appearance of blood under these conditions. 

Phe re remains, finally, the possibility that in hepatic disease the hemo- 
globin does not function normally as a respiratory pigment. For practical 
Purposes, only two methods of study of the nature of hemoglobin are avail- 
able, spectroscopic examination and examination of the dissociation curve 
of oxyhemoglobin in the specimen of blood in question. The former 
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method having failed to identify any known abnormal forms, Adams and ] 


have attempted to utilize the latter method in the hope of identifying some 


variation in the type of hemoglobin produced by the diseased liver. It is 
known that the dissociation curves of hemoglobin are different in different 
species, and that there are also different temperature coefficients for oxygen 
exchange in different species.*° Species variations in the specific ability of 
a particular hemoglobin to combine with various mixtures of carbon mon- 
oxide and oxygen are also recognized.“ These variations are thought to lx 
attributable to alterations in the globin fraction; this component of the mole- 
cule probably is specific for any given species. 

The form of the dissociation curve of normal oxyhemoglobin, under 
standard conditions, has been established by Barcroft; the blood of normal 
individuals which have been studied, using methods of double equilibration 
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similar to those described by Austin and his collaborators, shows a dissocia- 
tion curve which falls along that drawn by him. The dissociation curves 
of blood taken from patients who have advanced hepatic disease will be 
described in more detail in a subsequent report; it suffices to say that the 
curves which have been obtained on specimens examined to date show little 
change from Barcroft’s normal (figure 2). This is almost certainly true 
for bloods which contain little or no excess of bilirubin; in the blood o 
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‘aundiced individuals and experimental animals some minor changes are 
noted. In blood from both jaundiced and non-jaundiced patients and ani- 
mals, however, no changes have been so far observed in the dissociation 


curve of oxyhemoglobin which have a direct bearing on the degree and type 
of anoxemia under discussion. Whether the blood of a patient who has 
hepatic disease is definitely polycythemic, or very anemic and diluted, as it 
may be after hemorrhage, the dissociation curve is the same, although the 


amount of oxygen which is given off at any given oxygen tension may vary 
greatly because of the great discrepancy in the total content of hem« globin 
(figure 3). Richards and Strauss have previously noted that the dissocia- 
tion curves of anemic and polycythemic blood are similar. Under standard 
conditions in the very anemic patient, however, the element of anemic anoxia 
is important, as figure 3 shows. The behavior of the dissociation curve of 
oxyhemoglobin of patients who have hepatic disease must, of course, be 
studied at different carbon dioxide tensions before the strict normality of 
the hemoglobin in these cases can be established. Such studies are in prog- 
ress at present. It should be noted, parenthetically, that the carbon dioxide 
content of both arterial and venous blood was determined in a number of 
cases in this series, and reductions which were in general agreement with the 
degree of anoxemia were obtained. 

There are other possible alterations in the physical character of the blood 
in hepatic disease which may have a bearing on the rate of oxygenation in 
the lung. Alterations in concentration of the blood and in surface tension, 
such as are known to occur in jaundiced blood, blood concentration,** and 
variations in the permeability of erythrocytes to oxygen may be important in 
affecting the rate of passage of oxygen from the alveoli of the lung to the 
hemoglobin within the erythrocytes. All laboratory workers are familiar 
with the altered physical character of blood in hepatic disease, particularly if 
jaundice is present, and these changes, although neither measurable nor 
understood, may be important in the solution of the problem. 

The following possible explanations for the anoxemia noted in hepatic 
disease are still under investigation: (1) that there are changes in the physi- 
cal character of the blood which retard the rate of its oxygenation in the 
lung; (2) that there are hypothetical changes in the physiologic behavior of 
hemoglobin which can be shown only by a consideration of the time required 
lor its complete oxygenation ; (3) that the behavior of the pulmonary alveoli 
as a site for oxygenation is altered in some manner, possibly by changes in 
the alveolar wall, with resultant difficulty in diffusion of oxygen (Brauer’s 
pheumoniosis ) **; and finally, (4) that the engorged or contracted liver, with 
its mechanically altered blood flow, may decrease the rate of filling of the 
right auricle and indirectly reduce the rate of blood flow through the pul- 
monary capillaries, thus reducing the speed at which blood can be oxygenated. 
As Marie Krogh has noted, a reduced pulmonary blood flow results in a slow 
moving layer of blood along the capillary wall, with a more rapidly moving 
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axial stream; under such circumstances, it is not difficult to see how the rate 
of diffusion of oxygen into blood might be reduced. 

Whatever the explanation of this anoxemia may be, it seems likely that 
it may have some definite effect on the observed symptomatology of hepatic 
disease and on the progress of the hepatic lesion itself. The hepatic facies, 
with its characteristic muddy, subicteric hue, may owe at least a part of its 
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familiar color to the presence of considerable quantities of reduced hemo- 
globin in the capillary blood. Barcroft’s description of the Cholos on Cerro 
de Pasco could be used almost verbatim in describing the appearance of a 
patient with chronic hepatic disease. The clubbed fingers, which are a 
feature of juvenile cirrhosis, and which may occasionally be observed in 
adults who have cirrhosis, are probably attributable to a decreased supply 
of oxygen to peripheral tissues. Lassitude, fatigue, and insomnia, similar 


to that seen in mountain sickness, are common in hepatic disease, and it is 
possible that in both conditions the basis for these symptoms may be the 
same. The respiratory and cardiac symptoms noted at high altitudes (pal- 
pitation, dyspnea, periodic breathing), as well as the gastrointestinal symp- 


toms (nausea, vomiting, anorexia), also have been observed in association 
with cirrhosis. The accumulation of lactic acid in the blood, which was 
recently commented on by Roth and me, may well be a sequel of deficient 
tissue oxygenation, and the lactic acidemia of hepatic disease may be quite 
comparable to that observed at high altitudes. Finally, the symptoms of 
hepatic coma which are referable to the central nervous system may be 
caused in part, or at least aggravated, by the anoxemia.** Hitzenberger has 
made a similar suggestion in regard to the psychic changes of congestive 
heart failure. Stupor or coma, convulsions, the so-called pyramidal tract 
syndromes and the host of neurologic signs which may be encountered in 
hepatic insufficiency are not greatly different from those which have been 
observed with unmixed anoxemic states. In one case, in which the patient 
was in profound hepatic coma, a 20 per cent oxygen unsaturation was noted 
in the arterial blood, although a previous examination of this same individual 
had shown a figure not greatly reduced from the normal. 

The probable effect of the reduced arterial oxygen saturation on the liver 
itself is obviously of considerable importance, since under conditions of 
anoxemia, either anoxic or anemic, definite atrophy of the central portion 
of the hepatic lobule takes place. The protective effect of oxygen against 
hepatotoxic substance, as shown by Goldschmidt, Ravdin, and Lucké, and 
the low tolerance of the experimental animal to carbon tetrachloride in the 
presence of low oxygen tensions ° are more pertinent observations, so far as 
the clinical subject is concerned. It seems likely that the factor of anoxemia 
may hasten the deterioration of the hepatic parenchyma in some cases, the 
low oxygen tension of the hepatic arterial blood producing further atrophy 
of hepatic cells, and also rendering the parenchyma subject to toxic influences 
which ordinarily could be withstood without difficulty. 

The anoxemia may also contribute its share to the production of ascites 
and edema; as Landis showed by direct observations on the mesentery of 
the frog, lack of oxygen increased the rate of filtration fourfold, and allowed 
the passage of proteins through the capillary wall. The anoxemia may also 
add to the difficulty of maintaining a normal circulation ; hearts dilate at high 
altitudes, and artificial cardiac dilatation may be induced in experimental 
animals by lack of oxygen. Possibly the phenomenon of “ decompensa- 
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tion ” in hepatic disease may be related to circulatory weakness, together with 
an increased rate of filtration of fluid through capillary walls. 

Finally, the question of compensatory mechanisms for this anoxemia 
must be considered. In certain of these cases, as in normal persons at high 
altitudes, there is a fall in the bicarbonate content of blood, an increase in 
cardiac output, and an accelerated respiration ; the erythrocytosis which is so 
important a part of acclimatization to high altitudes does not appear, in spite 
of the stimulus of anoxemia, probably because of the failure of production 
of hemoglobin-building factors, except in the rather rare instances in which 
polycythemia and cirrhosis ** occur jointly in the same individual. 











SUMMARY 






It may be said that there are no constant demonstrable changes in the 
lung or circulation which explain the anoxemia observed in cases of ad- 
vanced hepatic disease, although minor degrees of edema of the alveolar 
walls cannot be excluded; that such mechanical factors as ascites and ab- 
dominal distention are not necessary for its production; and that to date it 
has been impossible to demonstrate any variations in the physiologic behavior 
of hemoglobin sufficient to explain the difficulty with which the blood of 
these patients takes up oxygen. So far as the effect of anoxemia on th 
symptoms and course of the disease is concerned, it suffices to say that 
anoxemia, if of considerable degree and duration, can have only one effect 
and that this would be an unfavorable one. It would also appear that the 
patient who has a chronic hepatic lesion is poorly equipped to adjust himself 
to even the less severe degrees of anoxemia because of the limitation in pro- 
duction of hemoglobin. Although the evidence is admittedly incomplete, 
there is much to suggest that anoxemia is at least one of the factors on which 
a vicious circle of progressive disintegration of the hepatic parenchyma 1s 















established. 
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HYPOTHYROIDISM: A COMMON SYMPTOM * 
By RocGer I. Lee, M.D., F.A.C.P., Boston, Massachusetts 


THE task to which | have set myself may be stated as follows: concen- 
trating on a very small part of the endocrine system, I have tried with the aid 
of clinical tests and clinical experience to formulate some conclusions which 
are not at variance, I hope, with the best and soundest of theory and experi- 
mental data, and which have the virtue, I trust, of a firm basis on clinical 
facts. If anyone finds in this paper something exciting, fantastic or in the 
slightest degree revolutionary, I have signally failed in my purpose. 

Some of us can remember the eager search for the cases of cretinism 
and of myxedema. It was the period when the findings at the postmortem 
table dominated medical thought almost without challenge. Generally 
speaking, all distributed function, physiological or chemical, was related as 
a matter of course to gross or microscopic anatomical changes. If actual 
changes were not demonstrable, it was a defect in technic, not in the theory. 
The prevailing thought of the times was entirely out of sympathy with any 
notion of transitory functional changes without evident organic change, or 
with the notion of mild persistent disturbances of any sort which could not 
finally be solved post mortem. In fact, our ideas of clinical medicine wer 
largely the reconstructed pictures from the autopsy table. 

To be sure, there were imaginative individuals who rebelled at this 
tyranny of morbid anatomy. One of the unfortunate effects of the early 
stages of emancipation from the rule of pathology was found in the fantastic 
and uncontrolled utterances of some of these in the field of endocrinology, 
which made this field a kind of plague spot in clinical medicine. However, 
the increasing influence of physiology, chemistry and also of bacteriology 
has had the effect of changing markedly the attitude of the best current 
clinical thought. Attention has shifted from the end stage of disease (and 
indeed of life) towards the early phases of disease. Functional disturbances 
were studied with newly developed methods and technics. Now we find a 
situation in which functional studies are sometimes carried on with (unfor- 
tunately) total disregard of morbid structural changes. 

These functional studies have now reached a point at which intelligent 
attention can be directed towards thyroid dysfunction of a degree far less 
than those clinical states known as cretinism, exophthalmic goiter, and 
myxedema. In the laboratory new types of scientists have appeared, work- 
ing with new methods, new materials, and all kinds of animals. 

Clinical data were rapidly collected. The simple formula that a high 
basal metabolic rate equalled an operation, and that a low basal metabolic 
rate equalled thyroid administration, and that the results of both of these 

* Read at the Philadelphia meeting of the American College of Physicians, April 3, 
1935. 
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equations meant cure, was early discarded. Gradually we have begun to 
organize, digest and classify our data and experiences. Here I shall omit all 
reference to the over-active function of the thyroid gland and shall confine 
my attention exclusively to the dysfunction which represents the apparent 
under-activity of the thyroid gland. Furthermore, in this discussion we 
shall eliminate all cases of organic disease of the endocrine system and also 
such cases of frank clinical disorders of the thyroid as myxedema and cor- 
responding disorders of the other members of the endocrine system. It is 
perhaps open to argument whether a more exact and more suitable title might 
not be “ Low Metabolic Rate, a Common Symptom.” In truth the low 
metabolic rate is usually the determining factor in the discussion. How- 
ever thyroid therapy has had an important role in these observations. In 
some instances basal metabolic rates have been ignored and thyroid admin- 
istration employed. Again, the basal metabolic rate has frequently seemed 
to serve rather as a first approximation and not as an exact test. Conse- 
quently the old term, hypothyroidism, has been retained 

Certainly some families have many instances of dysfunction of the 
thyroid gland. These can often be related to general glandular unbalance. 
In addition to this, we sometimes find a persistently low metabolic rate, 
which may be taken roughly as evidence of hypothyroidism, in a substan- 
tial proportion of the members of a family. Many of these people seem 
entirely well. Such individuals do not conform to any particular type. 
They do not correspond to any notion of early or latent myxedema. They 


are as often thin as stout. The skin may be moist, the hair fine and glossy, 


and the pulse may be rapid. In others, there seems to be no connection be- 
tween their particular ailments and the low thyroid activity, and further- 
more, the administration of thyroid extract in various ways does not help 
the symptoms. In a small group thyroid therapy with the elevation of the 
basal metabolic rate to normal or a low normal figure seems to be associated 
with an improvement in general well-being. 

By far the commonest association with a low metabolic rate (and by that 
I mean less than minus 15 per cent) is the condition perhaps most clearly 
designated as debility, when, of course, not associated with fever or grow- 
ing neoplasm. The thought at once suggests itself that the thyroid gland 
shares in the general dysfunction of all the organs in the body, and that 
perhaps the lowered thyroid function is a general indicator of the total bodily 
function. However, there seems to be no precise parallelism between hypo- 
thyroidism and debility. Furthermore, the administration of thyroid and 
the apparent correction of the hypothyroidism may vary in the subjective 
effect on the patient from no result to a result indicating an apparent cure 
Curiously enough the patient sometimes behaves differently under ap 
parently similar conditions. One patient had a history of recurrent epi- 
sodes of nervous fatigue or perhaps nervous exhaustion. In one of these 
episodes, the basal metabolic rate was as low as minus 40 per cent. Previous 
determinations had given low figures but near the line of normal. When 
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her rate was minus 40 per cent, energetic thyroid therapy was accompanied 
by a rapid restoration to satisfactory well-being. In subsequent episodes of 
similar symptoms, the basal metabolic rate was never again markedly low, 
and experimental thyroid therapy was never accompanied by any substantial 
improvement. In the various debilitated states due to many causes, some 
known and some unknown and often mixed, we have had similar experi- 
ences. As in many of the cases of familial hypothyroidism, these examples 
of hypothyroidism associated with debility present as a group none of the 
stigmata of myxedema. Actually most of the patients have been thin, and 
tachycardia of a mild degree has been common. Perhaps a substantial gain 
in weight has been the outstanding objective result of thyroid therapy in the 
successful cases. Subjectively the outstanding beneficial result has been 
improvement in general well-being. It should be emphasized again that 
apparently similar cases yield both successes and failures. 

At one time thyroid therapy gained considerable favor in the treatment 
of chronic arthritis. Certainly, hypothyroidism is a frequent symptom of 
the associated debility of chronic arthritis, but presumably it is an associated 
symptom of the debility and not a causative factor. Of course, the cor- 
rection of any symptom is indicated, and the subjective improvement thereby 
resulting, while varied, may be eminently satisfactory. 

Our ideas are as yet far from clear as to the relation of the symptom of 
hypothyroidism to mental states. Doubtless, in many mental states there is 
an associated debility which in turn may be associated with the hypothyroid- 
ism of debility. On the other hand, it is becoming more evident that the 
individuality of a man with his physical, mental, nervous and behavior pat- 
terns, which all combine to make up his individual self and personality, is 
somehow closely linked with the structure and function of the endocrine 
glands, which of course represent the influence of heredity, environment, 
training and disease. Of course the thyroid gland is only one of the links 
of the chain of endocrine glands. Moreover, the relation of the thyroid and 
indeed of the whole endocrine system to various normal and abnormal mental 
states is not at this time clearly and definitely evident. 

The interrelationship of the thyroid and some of the other endocrine 
glands is often demonstrable. Hypothyroidism is associated at times with 
female sterility, and thyroid therapy may be followed by pregnancy. — Like- 
wise, hypothyroidism may be seen in adolescence and in the menopause, and 
thyroid therapy may be distinctly beneficial. Its action is presumably in- 
direct. The present advances in our knowledge of the various hormones 
may be fairly designated as exciting. In the experimental field the ability 
to achieve extraordinary results is literally breath-taking. It may well be 
that the near future has in store for us the solution of the complicated inter- 
relationship of the endocrine glands. At this moment it seems that the rol¢ 
of the thyroid, so easily even if roughly tested, and when insufficient so 
easily restored by a simple therapeutic agent, may become perhaps relativel) 
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insignificant. Just now, all endocrine roads lead to the pituitary, but for 
how long! 

Probably attributable to some defect in these general glandular inter- 
relationships, with perhaps debility as a further factor of possible importance, 
are a number of conditions which often but not always present evidence of 
hypothyroidism. Among these are amenorrhea or disturbed menstrual 
function; the various vasomotor disturbances, perhaps notably vasomotor 
rhinitis ; some of the odd irregular slight fevers; some of the allergic states, 
some of the dermatoses, etc. In some of these, there is a definite hypo- 
thyroidism. Even when this exists, thyroid therapy is often not beneficial. 
It is undoubtedly inept to consider the hypothyroidism as the direct causa- 
tive agent. The hypothyroidism may better be regarded as a symptom 
Time does not permit of any elaboration of this variegated and miscellaneous 
group. It is only mildly helpful to our understanding of the situation to 
bring out that there is a family factor in some of these cases, a possible 
endocrine relationship in others, a presumable association with a debilitated 
state in another group and that some may be early or atypical manifestations 
of that clinical entity, which, when fully developed, we call myxedema. 
There are deep pitfalls for idle speculation and loose logic. It may even 
be too rash to claim that the dry skin on which a dermatologic lesion de- 
velops is a possible manifestation of early or latent myxedema. Certainly 
the intricate mysteries of vasomotor rhinitis are baffling. Here too we find 
in apparently similar cases the same discrepancies, namely those with and 
those without hypothyroidism and furthermore those which yield to treat- 
ment and those which do not. Again it is to be repeated that there is no 
precise parallelism between the level of the low basal metabolic rate and the 
success of thyroid therapy. As might be expected the lowest rates, in 
general, are often associated with the best therapeutic results, but excellent 
therapeutic results are sometimes obtained by the administration of thyroid 
to patients with essentially normal basal metabolic rates. 

In further substantiation of these general views, the fact must be noted 
that thyroid therapy at times cannot be tolerated by these patients. [x- 
perience shows there are cases in which the administration of all the usual 
preparations of thyroid gland either (1) does not restore the basal metabolic 
tate to normal, (2) does not benefit the patient or (3) cannot be tolerated 
on account of such untoward symptoms as headache, palpitation, nervous- 
hess, etc. 

Theoretically and experimentally the therapeutic administration of other 
glandular therapy has much to commend it in many of these groups of cases 
under discussion. Certainly a case of frank hypothyroidism, which is re- 


sistant to usual thyroid therapy, may well serve for clinical experimentation 
in glandular therapy. At present adequate clinical data are lacking for even 
tentative generalizations. However, there is a promise of other potent 
glandular therapeutic agents which time may show may supplement or even 
‘upplant thyroid therapy. 
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Hypothyroidism seems rarely to be a disease entity, but certainly, a com- 
mon symptom. It is rather one of the fragments that make up the tem- 
porary or permanent pattern of the functional entity of the individual. As 


a fragment in a pattern it may have important relationships, most notably 


with the other endocrine glands. Presumably variations from the usual 


standard of the individual are more significant than variations from an 
In this respect there is some similarity to variations in 


arbitrary standard. 
All the 


blood pressure and especially to our interpretation of hypotension. 


theoretical, experimental and clinical data indicate that while hypothyroidism 
is only a symptom it is, nevertheless, a symptom which should be and can be 


frequently satisfactorily treated. 





CLINICAL RELATIONSHIPS OF BLOOD CHOLES- 
TEROL WITH A SUMMARY OF OUR PRESENT 
KNOWLEDGE OF CHOLESTEROL 
METABOLISM * 


By Lewis M. HurxtTuwat, M.D., F.A.C.P., and Hazet M. Hunt, A.B., 
Boston, Massachusetts 


ALTHOUGH much has been written about cholesterol, little is actually 
known of its metabolism. The amount in the blood and various organs is 


known, points of secretion and excretion have been located, and its various 


forms have been identified; yet its true function in the body is pretty much 
amystery. While the determination of blood cholesterol has clinical value, 
there is still much to be learned regarding the behavior of cholesterol in the 
body under normal and pathological conditions. 

Cholesterol itself is an unsaturated secondary alcohol, water insoluble, 
and although associated intimately with fat metabolism it is not a true lipid. 
The cholesterol present in the body is in part derived from that contained 
in ingested animal food, but the greater part is formed by synthesis within 
the organism. It is not derived from vegetable foods as plants are incap- 
able of cholesterol synthesis.’ 

The following chart indicates the paths of cholesterol in the body as 
known at the present time. 

The functions which have been ascribed to cholesterol are as follows * 


A constituent of the framework of cell because of its stability to ordinary 
chemical change 
A protective substance in cells, exerting its effect as: 
An anti-toxic, anti-hemolytic and anti-infectious agent 
An insulator of the central nervous system 
A conditioning constituent of the skin 
A conveyor of fatty acids to and from fat deposits 
A facilitator of fat absorption 


rom the clinical point of view we are interested chiefly in the causes 

variations in blood cholesterol, in the reasons for abnormal cholesterol 
deposits, especially in atherosclerosis, and in the mechanism of formation 
ot cholesterol gall stones. 

Even though we know comparatively little concerning the metabolism 
ot cholesterol in the body, it is, nevertheless, possible to suggest how abnor- 
mal variations might arise. The following possibilities are suggested: 

l. Abnormal synthesis beyond normal tolerance or destruction ; 
* Read at the Philadelphia meeting of the American College of Physicians, May 3, 1935. 


\ From the Medical Department of the Lahey Clinic and Chemical Laboratories of th 
‘ew England Deaconess Hospital, Boston, Massachusetts. 
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_ Abnormal affinity of tissues for cholesterol, causing retention, including 
phagocytosis * ; 
3. Abnormal precipitation or liberation ; 
4. Hemoconcentration or dilution *; 
5. Failure of destruction ; 
. Failure of elimination.* 
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Cuart. 1. Cholesterol paths in the body. (This chart is derived from the work of Windaus, 
Thannhauser, and Schénheimer abroad and Bloor, Speery and others in this country.) 


An attempt will be made here to correlate these possible abnormalities in 
the cholesterol mechanism with clinical states wherein cholesterol metab- 
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MECHANISM OF CHOLESTEROL DEPOSITS 


Cholesterol exists in the blood as such and also as cholesterol esters. 
The ester fraction of the total cholesterol under normal conditions varies 
from 40 to 60 per cent of the total. Likewise in the tissues, the cholesterol- 
ester ratio is of about the same proportion. In the blood cholesterol 1s 
thought to be present in colloidal suspension or linked with blood proteins. 
Almost all abnormal cholesterol deposits are associated with groups of fat 
or foam cells which are supposedly of reticulo-endothelial origin. There 
are two theories regarding the mechanism of abnormal cholesterol deposits : 

i Precipitation of cholesterol in the blood, phagocytosis there by the 
reticulo-endothelial cells, which thus become ci cells, and migration of 
these cells into the tissues, where they may degenerate, thus liberating cho- 
lesterol.*° 

2. Infiltration of tissues by cholesterol because of their altered perme- 
ability due to disease, and ingestion in the tissues by reticulo-endothelial 
ells of the deposited cholesterol; the fat cells thus forming at the site where 
they are found.* 

ATHEROSCLEROSIS 


Atherosclerosis is not necessarily a senile disturbance.* While we can- 


not expect to overcome senility, there should be hope of preventing pre- 
mature arteriosclerosis.” *® Aside from hereditary, infectious and pres- 
sure phenomena, the evidence for a causal relation of cholesterol to athero- 


sclerosis may be summarized as follows: 

1. Atherosclerotic plaques contain cholesterol, the amount of which in- 

teases with the extent of atherosclerosis.° 

The cholesterol content of the blood increases with age and with the 
Ment of atherosclerosis." * **° ** 

Atherosclerosis analogous to human atherosclerosis may be produced 
a rabbits by feeding cholesterol in large or small amounts." ** a 

4. Atherosclerosis is more frequent in conditions such as diabetes mel- 
litus and myxedema in which there is an abnormally ** high cholesterol con- 
tent in the bloed.*: ***?” 

No definite conclusion may be drawn in regard to dietary differences of 
races on the present data.”'* Individual differences of diet within the race 
must be considered along with other predisposing or restraining causes. 

It is of interest that it has been noted in the experimental production of 
holesterol atherosclerosis that the simultaneous administration of dried 

thyroid or potassium iodide with cholesterol will prevent the occurrence of 
atherosclerosis.2” “2 European investigators * ** ** see in this the rationale 
lor the time honored use of potassium iodide and more recently of thyroid 
Xtract in the treatment of clinical arteriosclerosis. Rosenthal ° has warned 
against the use of iodine, but its widespread use over many years would 
‘uggest that its dangers are insignificant. 

Diets made up exclusively of animal foodstuffs with high fat content will 
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increase the cholesterol of the blood,*”’ and a vegetable diet has been found 
to decrease the blood cholesterol in xanthomatosis.* The ability to tolerate 
cholesterol must vary in different individuals. It is conceivable therefore 
that in the presence of an inadequate cholesterol tolerance of whatever cause, 
a diet high in cholesterol may hasten the development of human atheroscle- 
rosis, particularly if such predisposing causes as diabetes, hypertension or 
toxic or nervous influences are present. In other words, predisposing causes 
pave the way for cholesterol deposits, and one might assume that the less 
cholesterol available, the less the atherosclerotic change. 

The part cholesterol plays in atherosclerosis may be belittled, but much 
remains to be learned by clinical observation and experimentation, both of 
which have not kept pace with experimental work on animals. 


XANTHOMA AND XANTHOMATOSIS 


Skin xanthoma and xanthelasma contain cholesterol and fatty deposits. 
Fat or foam cells are conspicuous in these lesions.** Hypercholesterolemia 
is a frequent finding in xanthomatosis with or without the presence of dia- 
betes with which it is so commonly associated. Adequate treatment of an 
associated diabetes may cause absorption of the xanthomatous lesions.** ** 
Schonheimer * has shown in one carefully studied case of hypercholestero- 
lemia and xanthomatosis that the retention of cholesterol was due to a defect 
in excretion. The high total cholesterol value was due to the ester fraction 
On a strictly plant diet the total cholesterol content of the blood was markedly 
lowered, the change occurring entirely in the ester content. Wile, [:ck- 
stein and Curtis © believe that cholesterol is only a secondary factor in xan- 
thoma formation. Several cases reported by them had normal blood 
cholesterol values. Low caloric diets were most successful in reducing 
xanthomatous deposits in their cases. 

Xanthomatosis may occur in the bones and other tissues as well as in 
the skin.°** Such conditions too are known to be associated with extensive 
accumulation of fat cells. In these diseases, too, the blood cholesterol may 
be elevated.** * Desiccated thyroid may have a favorable influence upon 
the absorption of these lesions, and should be more often given a trial. 

With the disappearance of some xanthomata following treatment and 
the reversion of atheromatous changes in animals,** and possibly in hw 
mans,‘ the possibilities of low or cholesterol-free diets should be further 
investigated. In the authors’ experience a diet free from animal-derived 
foods is not disagreeable and may be well tolerated. 


DIABETES MELLITUS 


Hypercholesterolemia and hyperlipemia are common findings in diabetes 
only when the disease is uncontrolled. Since the use of insulin the serious 
prognosis of the patient with hyperlipemia has changed.*® Blood choles 
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terol and blood lipids in diabetics are now usually found within the normal 
range.*” 31, 82, 88 
When cholesterol values of the blood over 400 mg. per 100 c.c are found, 


it usually indicates serious complications either present or imminent.” 


Especially is this true in juvenile diabetes. In a recent study of diabetic 
children by White and Hunt, 11 out of every 12 children with hypercho- 
lesterolemia showed either arteriosclerosis, retinitis, abscesses or lipemia 
retinalis. 

A low blood cholesterol in a diabetic, on the other hand, may be of grave 
significance ** indicating some associated disease as, for example, tuber- 
culosis. Such patients do not live as long as the average diabetic. 

In diabetic acidosis high blood cholesterol values are found, the highest 
observed being 1420 mg. per 100 c.c. with a total blood lipid content of 19.9 
per cent. Adequate treatment is followed by a rapid fall. There appears 
to be no parallelism among the degree of acidosis, the blood sugar and the 
hypercholesterolemia. 

The cause of hypercholesterolemia in diabetes is not clear. The marked 
rise in some cases of acidosis is thought by Man and Peters ** to be due 
to hemoconcentration. This, however, does not explain hypercholestero 
lemia in diabetes without acidosis. In diabetes with arteriosclerosis there 
is an increased ester content,’* and there is evidence indicating that hyper- 
cholesterolemia and arteriosclerosis in diabetes may be influenced by the fat 
content of the diet.° In any event cholesterol deposits do occur as mani- 
fested by xanthomatosis, gall stones, and arteriosclerosis.'' Adequate treat- 
ment will cause absorption of xanthomatous lesions, but whether early 
atheromatous lesions disappear is not known. ‘The aim of diabetic therapy 
now is the prevention of, or retardation of, arteriosclerotic changes. Control 
of blood cholesterol may play an important role in accomplishing this.“ 


Lipoip NEPHROSIS 


In this disease there is a marked deposition of fat in the kidneys and 
liver and to a lesser extent in other organs.*° Fat cells are found but are 
not prominent. Blackman **** has been able to produce lipoid nephrosis 
in rabbits by the injection of pneumococcus toxin. He suggests that lipoids, 
and hence cholesterol, are liberated as the result of cellular destruction by the 
toxin rather than through any change in cholesterol metabolism. Gains- 
borough * believes hypercholesterolemia in this disease is related to dis- 
turbed blood proteins. Blackman’s clinical observations strongly suggest 
a relationship between chronic pneumococcus infections and lipoid nephrosis. 
The increase in blood cholesterol is due to an increase both in esters and 
iree cholesterol. The determination of blood cholesterol in this disease 
is helpful in diagnosis. Curiously, according to Gainsborough and others,* 
the feeding of thyroid has little effect on lowering the blood cholesterol. 
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Tuyroip DISEASE 


Hyperthyroidism causes a drop in blood cholesterol while hypothy- 
roidism brings about a marked increase.’* ** *°*° Hypercholesterolemia 
in thyroid deficiency may be partly due to retention of cholesterol through 
diminished secretion in bile and lowered excretion in the intestinal tract. 
In animals, experimental hypothyroidism causes a low cholesterol content 
in the bile. With Wilkinson ™ we have found the same to be true in cases 
of myxedema. In hyperthyroidism, on the other hand, the cholesterol con- 
tent of the bile has been normal or high. It does not seem likely, however, 
that the total change in blood cholesterol in thyroid diseases can be ac- 
counted for by this finding alone. As a rule in myxedema there is a 
decrease in esters and an increase in free cholesterol.*° 

That these variations in cholesterol are due to variations in thyroid 
activity and not due to variations in total body metabolism is shown by the 
fact that hypometabolism from other or unknown causes is usually not 
associated with the abnormally high blood cholesterol values found in myxe- 
dema.** Elevation of metabolism by dinitrophenol is not accompanied by 
a corresponding drop in blood cholesterol ** as it is in hyperthyroidism. 
Blood cholesterol determinations are, therefore, useful in differential diag- 
nosis and in treatment of thyroid disease, especially hypothyroidism. 

The relationship of thyroid deficiency and hypercholesterolemia to 
atherosclerosis deserves mention. Here again we have a condition long 
known to be favorable to the development of arteriosclerosis, both clinically 
and experimentally.* I have already spoken of the prevention of choles- 
terol atherosclerosis in rabbits by thyroid feeding. Leary suggests that the 
possible waning secretion of the thyroid in later life may contribute to 


atheromatous changes.*° 


HyYPoPITUITARISM AND THE PITUITARY-T HYROID RELATIONSHIP 


It is well known that pituitary deficiency is accompanied by a low meta- 
bolic rate. This has often been referred to as pituitary myxedema. It has 
been suggested that this is the result of a deficiency of the anterior pituitar) 
thyrotropic hormone which so profoundly influences the activity of the 
thyroid. Clinically there are many differences between hypopituitarism and 
myxedema. This led us to investigate the behavior of the blood cholesterol 
in hypopituitarism. Since the basal metabolic rate in this condition is as 
low and often lower than in myxedema, we felt there should be a corre- 
sponding rise in blood cholesterol if the low metabolic rate was entirely due 
to thyroid deficiency. Fourteen cases of hypopituitarism due to verified 
chromophobe tumors were studied from this point of view. Of these 14 
cases, only two showed a blood cholesterol of over 240 mg. per 100 cc. 
The average values are shown in the table. 
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‘per- | J 2 fy . 
Hyper | A Non- — Hypo 
thyroid- hyper- pitu- 
i megaly dema | . _. 
ism | | thyroid | itarism 
I as dined be keiinth | 283 | 2] 146 | 47 14 
Blood cholesterol mg. per cent (average) 134 | 156 179 | 355 209 
B.M.R. per cent (average).......... +45 +19 | +0 | —26 —28 


Thus clinical facts do not tally with experimental work. One must, there- 
fore, assume that the low metabolism in hypopituitarism is not solely of 
thyroid origin and that myxedema is primarily a disease of the thyroid. 
As Evans ** points out, myxedema may be compared to the menopause, since 
excess thyrotropic hormone of pituitary origin has been reported in myxe- 
dema, just as excess pituitary gonadotropic hormone is found at the meno- 
pause. *° 


SILIARY SYSTEM 


Free cholesterol is found in the bile, and according to Schonheimer and 
Hrdina *° it is in loose combination with bile acids, forming a complex which 
is capable of absorbing even greater quantities of cholesterol. Ingested 
cholesterol is thought to be absorbed through the excess of bile acids in this 
complex. 

Time will not permit a discussion of the various opinions as to the 
mechanism of cholesterol deposits in the gall-bladder.*® ** **" °° It is suf- 
ficient to say that cholesterol is precipitated in the gall-bladder cavity and 
that such precipitation is probably the basis for cholesterol stone formation. 
Cholesterol deposits in the gall-bladder wall, the so-called cholesterolosis of 
the gall-bladder, is accompanied by collections of fat cells. No adequate 
proof exists, however, that cholesterol is or is not secreted or absorbed by 
the gall-bladder mucosa. Wilkie ** believes that hypercholesterolemia in 
dogs is followed by passage of cholesterol from the blood through the gall- 
bladder mucosa into the gall-bladder, and that if there is a low blood cho- 
lesterol, cholesterol will pass from the gall-bladder into the blood. Deduc- 
tions from experimental work on dogs are hardly valid in view of the non- 
occurrence of gall stones in these animals. It would seem advisable to take 
advantage of long standing biliary fistulae in human subjects to throw more 
light upon this question. The rationale of dietary management with low 
cholesterol diets ° hinges upon this problem. It is doubtful that such pas- 
‘age actually takes place.* 
of the gall-bladder wall might regress by diet in view of the similarity of 
the process to xanthomatous lesions. Of interest in connection with cho- 


It is conceivable, however, that cholesterolosis 


lesterol gall stones or precipitated cholesterol in the gall-bladder cavity is 
the fact that feeding certain bile acids increases the bile acid secretion with- 
out increasing the cholesterol content of the bile.°* Such excess of bile acids 
might dissolve precipitated cholesterol or cholesterol stones, in much the 
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same manner as a cholesterol stone can be dissolved in a dog’s gall-bladder 
where the cholesterol in the cholesterol-bile acid complex is exceedingly low.“ 

The hypercholesterolemia of biliary obstruction often affords a useful 
diagnostic aid in the differential diagnosis of the cause of jaundice. The 
increase in the blood is in both free cholesterol and esters although the latter 
do not parallel the former. Any infection tends to counteract hypercho- 
lesterolemia, even when obstructive jaundice is present. In degenerative 
disease of the liver with marked jaundice the cholesterol is lowered, the 
chief drop being in the esters,°° a very low or absent ester content being 
present in the rapidly fatal cases. That the hypercholesterolemia of ob- 
structive jaundice is a purely mechanical effect is doubted by some.** The 
lowered cholesterol ester in degenerative disease is thought due to injury 
to the esterifying power of the liver cells,°* although this view is not uni- 
versally accepted.°° Removal of the liver does not cause a drop in blood 
cholesterol ester content; in fact higher values are found.*® 






















Hy PERCHOLESTEROLEMIA 


Not infrequently a high blood cholesterol is found without evidence of 
the usual diseases of which it is characteristic. In our experience such find- 
ings have occasionally revealed unrecognized myxedema. Experience with 
total thyroidectomy for heart disease, as well as subtotal thyroidectomy for 
hyperthyroidism, has taught us that a high degree of thyroid deficiency may 
exist without the usual external manifestation of the condition. Thus a 
high blood cholesterol may be of clinical value, especially when metabolism 
tests are unsatisfactory, as for example in children. 

On the other hand hypercholesterolemia is occasionally found with low 
metabolic rates, and while this must be considered presumptive evidence of 
thyroid deficiency, and as indication for a therapeutic trial of thyroid ex- 
tract, the results of treatment do not always prove as satisfactory as they 
do in myxedema. We have found this combination in a few apparentl) 
healthy individuals under 40 years of age. 

As a rule, hypercholesterolemia is found in individuals over 40 or 50 
years of age.°*® A proportion of these cases display undoubted arterio- 
sclerosis. Early senility may simulate in some instances a mild _ thyroid 
deficiency, and at times it is difficult to decide which is present, if not both 
Administration in the beginning of not more than 1 grain of desiccated 
thyroid U.S.P. daily may be well tolerated, often diminishing the blood 
cholesterol and producing clinical improvement. This, of course, should 
not be interpreted as always indicating thyroid deficiency. 

Further studies should be made of these individuals with hypercholes- 
terolemia. The cholesterol-ester ratio should be determined, the effect of 
thyroid, iodide and bile acid feeding investigated, and the bile and feces 
studied. The effect of cholesterol-free diets in hypercholesterolemia 's 
worthy of further investigation. 

In this paper we have not attempted to present the reports of various 
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investigators on minor variations of blood cholesterol. The effect of fever, 


sunlight, vitamins, adrenalin, Jiver and spleen ablation, anemia and preg- 
nancy and many other measures have been studied. These variations rarely 
exceed the normal limits of blood cholesterol values which are wide. Dzif- 
ferences in methods of determining blood cholesterol may give wide varia- 
tions in results. Thus each laboratory should set its own standards for the 
normal range of total cholesterol, which is usually from 120 to 230 mg. per 
100 c.c. At times this appears too wide a range, at other times it seems too 
narrow. It is safe to say, however, that a value of 300 mg. per 100 c.c. or 
more must be considered above the average, but as to whether it is abnormal 
in all cases has as yet not been determined. 


SUMMARY 


1. Determination of blood cholesterol and cholesterol esters has clinical 


2. Abnormal cholesterol deposits in the various tissues of the body bear 
a close resemblance, and on the whole are accompanied by higher blood 
cholesterol values. While the evidence suggests that inability of the or- 
ganism to handle cholesterol properly is the cause cf these lesions, it is still 
not entirely convincing from all standpoints. This theory must be con- 
sidered a working hypothesis which further clinical investigation should 
prove or disprove. 
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BLOOD CHOLESTEROL IN DISTURBANCES OF THE 
BASAL METABOLIC RATE * 
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By Lemuer C. McGeer, Pu.D., M.D., Elkins, West Virginia de 
es 
BIOCHEMICAL studies in the metabolism of sterols have resulted in the th 
accumulation of a vast amount of information concerning sterol content 
(usually recorded as cholesterol, either free or combined) of foodstuff, 
blood, tissues in general, and excretions. Little of this information can as 
yet be taken as fitting evidence in a hypothesis of the function of and inter- § 
mediary metabolism of cholesterol. Clinical studies for a score of years ‘: 
have been appearing at an increasing rate until at present there are available § 
blood cholesterol figures for the majority of diseases. Yet there is little J ~ 
diagnostic or prognostic information obtained from a knowledge of the 
blood cholesterol level that is not better obtained by other clinical studies = 
of a given disease process. . 
The “sine qua non” of blood chemical studies for a clinician, 1.e., a 
rapid, inexpensive, reasonably accurate method of estimation of a given 
constituent in a small volume of blood, appeared, in the case of cholesterol, 
in 1916. In that year, Bloor, doyen of American biochemists in the field J — 
of fat metabolism, published a method for the extraction of lipoids and the J 
precipitation of proteins in an alcohol-ether mixture. Subsequent to filtra- 
tion and selective redissolving of the lipoid fraction by chloroform, the 
estimation of cholesterol and related sterols is made by colorimetric appli- J met 
cation of the Liebermann-Burchard reaction. In the clinical studies which § seco 
followed the publication of the method, blood cholesterol alterations were § ‘(liso 
| reported in epilepsy, cancer, primary and secondary anemias, obesity, the JJ fem 
nephrotic syndrome, nephritis, arteriosclerosis, diabetes, hepatic disease. § turb 
physical exercise, types of lipemia, growing children, syphilis, feeble @ tent 
mindedness, lipoid granulomatosis, infections such as scarlet fever and J Were 
typhoid fever, toxemias of pregnancy, cholelithiasis, and, particularly in J 4 soi 
recent years, disease of the thyroid gland. SX, 
MerEtTHOD 180 | 
For a period of two years the author made determinations of plasma & ‘adi 
cholesterol values in patients residing in Dallas County, Texas. The series I; 
besides controls, comprises those patients having metabolic rate determina J +10 
tions in either Baylor University Dispensary or Parkland Hospital, ané f 1s 
those drawn from private practice. The method used was that of Sackett, gs ) 
a modification of the original Bloor’ procedure. Its advantages, empha [J @bnor 
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sized by the author, are found to be that: (1) less alcohol and ether ar 
required ; (2) less time is required for the determination ; and (3) less blood 
is required for cholesterol estimation. Determinations were made ©! 
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plasma which had been placed in a laboratory refrigerator for not more 
than 24 hours. It was demonstrated, however, that the total cholesterol 
values would remain constant for three or four days in plasma kept at low 
temperatures. All blood was drawn from fasting patients. The method 
determines “ total cholesterol’ and is to be distinguished from separate 
estimations for ester cholesterol and free cholesterol, a procedure involving 
the precipitation of the latter form by digitonin.* * 


RESULTS 

In a control series of normal adults it is apparent that there are greater 
variations than the usual textbook figures for cholesterol values indicate. 
The majority of the controls were between 20 and 30 years of age. No 
sex difference appeared. 

In 52 controls the values ranged from 150 to 228 mg. for 100 c.c. with 
amean reading of 198 and an average of 193 mg. It may be observed that 
63.5 per cent of the controls had values between 181 and 210 mg. 


TABLE I 
The Spread of Cholesterol Values in Normal Adults 


Mg. Mg. Mg. Mg. Mg Mg. Mg. 


161-170 171-180 181-190 191-200 201-210 Above 210 
2 6 4 8 9 16 7 


Jelow 160 
? 


‘rom the group of patients who were seeking medical advice and whose 
metabolic rates were taken and found to be normal, we have arranged a 
second control group. No patient in this group had a diagnosis of thyroid 
lisorder. There were few males in the group and a great majority of 
iemales were patients with symptoms of pelvic disease, menopausal dis- 
turbances or functional disorders of the nervous system. Fifty-eight pa- 
tients, whose metabolic rate was neither greater than +-10 nor less than —10, 
were selected at random. ‘These showed a distribution of values that cover 
a somewhat wider range than the first control group. A table giving the 
sex, metabolic rate and diagnosis is appended. 

The range was from 100 to 308 mg. per 100 c.c., with an average of 
180 mg. per 100 c.c., from the comparatively great r number of cholesterol 
readings in the group of the lower level. 

In the series studied there were 45 patients with a metabolic rate above 
+10. Five of these with rates above +50 had plasma cholesterol values 
of 182, 133, 168, 133 (the highest rate +89 and +91 on successive morn- 
ings) and 125 mg., respectively. Three of the values are undoubtedly in the 
abnormal group. Of five patients with metabolic rates between +40 and 
+50, the plasma cholesterol values were 162, 154, 188, 176, and 146 mg., 
respectively. From this group of 45 patients there could be selected 16 
who had the history, symptoms and physical findings of undoubted thyro- 
toxicosis and who had been given such a clinical diagnosis. 
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TABLE II 


Cholesterol Values in Patients with a Normal B.M.R. 








. Plasma mas, . . 
Sex . Clinical Diagnosis 
7 Cholesterol & 


} 

ain onl tains 

| 168 mg. Cardiac disease 

| 232 mg. Peptic ulcer 

| 178 mg. | Ovarian deficiency 
} 


7 eo he he 9) 
| 


186 mg. Chronic cholecystitis 

142 mg. | Neurosis 

182 mg. | Hypothyroid 

175 mg. Obesity 

176 mg. Varicose veins 

154 mg. Pregnancy 

154 mg. Chronic tonsillitis 

141 mg. Obesity. Hunner’s ulcer 
140 mg. Obesity 

134 mg. Simple goiter 

176 mg. Cachexia 

164 mg. Nephrosis 

196mg. | Menstrual disturbances 
182 mg. Salpingitis. Migraine 
210 mg. Menopause syndrome 

163 mg. Chronic tonsillitis 

243 mg. | Obesity 

120 mg. | Sterility 

143 mg. Malnutrition 

136mg. | Obesity. Varicose ulcers 
100 mg. Sinusitis 

130 mg. Pelvic infection 

164 mg. | Arthritis 

140 mg. Pelvic infection 

143 mg. 

188 oa. Pyelitis 

168 mg. | Fibroid uterus 

200 mg. Obesity. Varicose ulcers nara 
203 mg. | Obesity #% 
232 mg. | Endocrine dyscrasia valu 
170 mg. | Salpingitis 0) 
250 mg. | Chronic bronchitis s 
136 mg. Ovarian disorders 
144 mg. Ovarian deficiency and 
219 mg. | Salpingitis ag 
240 mg. | Obesity lor 
237 mg. | Salpingitis pour 
200 mg. | Menopause } r 
150 mg. | Salpingitis. Obesity she } 
158 mg. Syphilis the + 
182 mg. | Pelvic infection i 
207 mg. Infected teeth She 
166mg. | Obesity and C.N.S. syphilis a dif 
140 mg. | Thyroid adenoma thes 
242 mg. Psychoneurosis and ¢ 
154 mg. Salpingitis 
201 mg. | Endocervicitis 
171 mg. Malnutrition -SU 
211mg. | Pelvic infection 

170 mg. Rheumatic heart disease ; 
308 mg. Irritable colon lays 
230 mg. | Arthritis 400 | 
222 mg. Obesity 

239 mg. 

280 i. Chronic glomerulonephritis 
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TABLE III 


Spread of Cholesterol Values in Patients with Normal B.M.R. 


Below | Mg. Me. | Meg. Mg. Mg. Mg. Mg. Mg. Above 
141 Mg. | 141 150 | 151-160 | 161-170 | 171-180 | 181-190 | 191-200 | 201-210 | 211-220} 220 Mg. 


9 JEL EES ES ES eS 7 


| 
TABLE IV 

Patients with a Diagnosis of Hyperthyroidism 

B. M. R. Race Sex Cholesterol 
+89 ; F 133 mg. 
491 
+37 f F 120 mg. 
+13 : 116 mg. 
+50 4 . 176 mg. 
+51 j : 125 mg. 
+18 f . 130 mg. 
+68 i . 182 mg. 
+49 l h 162 mg. 
+87 j 133 mg. 
+42 f . 154 mg. 
+57 / . 168 mg. 
+38 | , ; 280 mg. 
+31 / \285 mg. 

, . 143 mg. 

+36 \150 mg. 
+40 F 158 mg. 
+43 ; | 146 mg. 
+40 ; M 153 mg. 


It will be seen from the table that the plasma cholesterol values do not 
parallel the metabolic rate. There is a fair tendency to low cholesterol 
values, however. The one exceptionally high cholesterol value (cholesterol 
280 mg., B.M.R. +38) deserves comment. The patient, Mrs. E. M., age 
30, in 1932 became aware of weakness, moderate loss of weight, tachycardia 
and restlessness. For a period of 14 months she was treated by a physician 
for “ heart disease.” In bed during this treatment, she could gain a few 
pounds, felt well, and was not disturbed by tachycardia. But each time 
she was allowed out of bed (after a period of complete rest, sedatives, and 
the well-nigh omnipresent digitalis) her symptoms immediately returned. 
She changed physicians in 1933 at which time there was an exophthalmos, 
a diffuse thyroid enlargement, a heart rate of 128 with a regular rhythm 
and other signs of thyrotoxicosis. The first metabolic rate was +38. ‘Two 
lays later it was +31. The corresponding plasma cholesterol values were 
80 mg. and 285 mg. Five days after the subtotal thyroidectomy, the 
jlasma cholesterol was 345 mg. and the metabolic rate —2. Thirty-five 
lays postoperatively, her metabolic rate was —20 and the plasma cholesterol 
#0 mg. Thyroid was given for a few weeks but was discontinued because 
che felt that as little as one half-grain daily made her nervous and conscious 
ther heart. Six months later the metabolic rate was +4, cholesterol 268 
mg., and she had no complaints. Hence, while the expected shift in blood 
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cholesterol did occur with the change in the metabolic rate, the range was in 
extremely well removed from our usual concept of a normal cholesterol af 
value. ch 
Comprising the group of patients with a metabolic rate lower than —10, tu 
there are 42 adults. Great variability and lack of consistency in plasma 
cholesterol values again occur as indicated in the general distribution. or 
| TABLE V 
: The Spread of Cholesterol Values in Patients with B.M.R. Lower than — 10 
Below | Mg. Mg. Mg. Mg. Mg. | Mg. Mg. | Mg. | Above 
141 Mg. | 141-150} 151-160 | 161-170 | 171-180 | 181-190 | 191-200 | 201-210 | 211-220) 220 Mg. 
6 2 5 5 7 2 4 3 1 7 
There is a striking similarity between the distribution here and that of 
the group of patients with metabolic rates in the zone of —10 to +10. But 
a metabolic rate is a variable and unreliable device for classification. From 
this group there are 19 with symptoms and physical findings justifying a 
clinical diagnosis of myxedema or hypothyroidism. Such a diagnosis in 
these patients was not only justified by the recorded picture of the patient 
but also was proved by therapy with varying amounts of thyroid for a 
suitable period of time. A table of this group of 19 is given. 
TABLE VI 3 
, é 7 
Patients with a Clinical Diagnosis of Hypothyroidism 
frou 
B.M.R. Race Sex Plasma Cholesterol rhe 
—14 W M 120 mg. stud 
—19 W F 154 mg. tud) 
—24 W F 133 mg. iS OT 
—21 2» F 226 mg. : 
—24 W F 166 mg. contr 
] —25 * M 180 mg. 
— 26 W F 168 mg. 
—15 W F 168 mg. A 
—29 W M 144 mg. ation 
— 33 W F 147 mg. 
| —18 W F 133 mg. and G 
: — 36 W F 182 mg. o 9 
—20 W F 294 mg. 55 
—18 W F 226 mg. 1 lew 
—14 W F 176 mg. H 
—31 W F 222 mg. 
~26 W F 273 mg. dema 
—25 W F 176 mg. n thy 
—18 W F 162 mg. Aaa 
his i 
In this group suffering from hypothyroidism there are eight patients @ mm 
with a metabolic reading of —25 or lower. The plasma cholesterol values indins 
were determined to be 180, 168, 144, 147, 182, 222, 273, and 176 mg. t& and B; 
On 









spectively. Only two can be said to be elevated suggestively. 
From a study of these tables one cannot find any tendency toward a! 







folter. 
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inverse relationship between metabolic rate and blood cholesterol level. We 
are forced to the somewhat unexpected conclusion that the single plasma 
cholesterol determination gives no aid in making a diagnosis of thyroid dis 


turbance in a given individual. 
In passing over the material, we selected at random 20 patients of the 


group who had obesity as an outstanding physical finding 


TABLE VII 


Cholesterol Values in Patients with Varying Degrees of Obesity 


»] 


Weight lasma Cholesterol 


184. 188 mg. 
198 138 mg 
179 vii 219 mg 
165 240 mg 
210 150 mg. 
194 194 meg. 
153 118 mg. 
185 168 

182 266 
166 128 1 
170 154 m 
155 198 1 
173 120 n 
300 136 1 
183 130 
192 133 
212 164 

159 140 1 
175 200 
160 130 


There is no correlation here to attract our attention. Of the entire 
group of patients considered, only four had a positive blood Wassermann 
lhe cholesterol values were 182, 158, 130, and 166 mg., respectively. <A 
study of blood pressure with a view to the circulating cholesterol gave just 
8 great a distribution of figures over the wide range as was found in the 
control series. 

DISCUSSION 

As early as 1922, Epstein and Lande ® called attention to an inverse re- 
iionship between blood cholesterol values and metabolic rates. Gardner 
ind Gainsborough ° also noted such a relationship and refrained from attach 
ng great significance to it because of the many exceptions to the findings in 
i few cases. 

Hurxthal ******* and co-workers have found cholesteremia in myx- 
dema consistently, and a less regular but significantly low blood cholesterol 
1 thyrotoxicosis. They have observed more than 500 patients in reaching 
this conclusion and feel that “ cholesteremia in the absence of its few other 
‘ommon causes, points more specifically to thyroid deficiency than does the 
inding of a low basal metabolism.” Goldbloom and Gottlieb,’* in 1927, 
ind Bronstein,’* in 1933, found an increase of blood cholesterol in cretins. 

On the other hand, Levy,"* in a group of 10 patients with exophthalmic 
goiter, found six with a blood cholesterol value of more than 230 mg 
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Gilligan *° and collaborators observed cholesteremia in patients with low 
metabolisms and no clinical evidence of hypothyroidism. After thyroidec- 
tomy, these patients failed to keep a constant relationship between the basal 
metabolism and the blood cholesterol level. 

Luden ** found the blood cholesterol in 35 cases of exophthalmic goiter 
to be within normal range, and Wade ™ reported slightly increased values of 
blood cholesterol in patients with toxic goiter. Castex and Schteingart™ 
found no relationship between the basal metabolic rate and blood cholesterol 
values. In this connection it is of interest that Cutting '® and his co- 
workers, as well as Grant and Schube,” obtained no correlation whatever 
between blood cholesterol and metabolic elevations induced by dinitrophenol. 

Several pertinent observations on blood cholesterol furnish some ex- 
planation to the finding of inconstant values in this or in other such series 
Barreda ** evaluated the cholesterol tolerance test of Thannhauser and 
Burger in which five grams of cholesterol in olive oil are taken by mouth and 
the blood level determined four and 24 hours later. He obtained variable 
results in normal and diseased adults in that the blood cholesterol level often 
was lower four hours after ingesting cholesterol than before. Yet Wendt * 
finds that the ingestion of olive oil alone increases the phosphatid and choles- 
terol level four hours after ingestion. Gardner and Gainsborough * and 
Bloor,** in reference to widely discrepant normal values, emphasize the 
taking of fasting blood samples. These authors are agreed that the level of 
the cholesterol content of human plasma, taken while fasting, can be raised 
or lowered by sufficiently prolonged feeding with diets of high or low sterol 
content. They are not agreed on the effect of a single meal on blood choles- 
terol (alimentary hypercholesterolemia) but the evidence is possibly more in 
favor of some degree of relationship generally between the amount of sterol 
ingested and the cholesterol level of the plasma during its immediate 
digestion.** *°: 7° 

Among published “ normal ’’ blood total cholesterol figures there ar 
noteworthy variations. Bloor *’ found the plasma values for men to be 
from 170 mg. to 311 mg., with an average value of 220 mg., and the values 
for women to be from 210 mg. to 260 mg., with an average value of 240 mg. 
Most authors make no distinction according to sex. The normal, according 
to Klinert and Widal (quoted by Campbell **), is 180 mg., while Campbell * 
suggests the range of 150 mg. to 200 mg. Milbradt,*® comparing his own 
use of the Tschugaew reaction with other methods for cholesterol determina- 
tion, finds the normal values extending from 103.6 mg. (Autenrieth) t0 
176.3 mg. Gardner and Gainsborough ** * find the normal fasting variance 
to be 131 mg. to 293 mg., with an average value of 200 mg. Hunt," with 
Bloor’s* method, found a variance of from 118 mg. to 272 mg., with am 
average of 177 mg. cholesterol in normal blood. Denis ** had a range 0! 
167 mg. to 255 mg., with an average of 220 mg. in his series of normal sub- 
jects. Epstein and Lande,’ using the Bloor * method soon after its pub- 
lication, had normal values extending from 160 mg. to 200 mg., with most 
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of their values near the upper figure. Boyd * found the normal total plasma 
cholesterol to be 162 mg. as determined by his oxidative procedure. 

That one or more factors controlling the level of cholesterol in the normal 
blood plasma are beyond our present knowledge seems obvious. The varia- 
tions in the majority of normal series are too great to allow unqualified in- 


terpretation of values in disease states. There is a concurrence in this 


view in the expressed conclusions of several workers thoroughly acquainted 
with blood cholesterol values. Gardner and Gainsborough ® state that “ in 
normal human plasma the variations of cholesterol content are so consider- 
able that an average figure for the normal plasma cholesterol is devoid of 
meaning unless the normal limits of variation are taken into account.” 
Hunt ** and Bloor * have expressed similar opinions 

The action of a protein-precipitant is necessary if any fat solvent is to 
remove satisfactorily the cholesterol from plasma. ‘This suggests the power 
of protein to retain cholesterol. The marked insolubility of cholesterol in 
water would make necessary such a function of protein or some other cir- 
culating constituent. Gardner and Gainsborough * suggest that changes in 
the globulin-albumin ratio of blood may be related to the variations in sterol 
content of plasma under both normal and abnormal physiological conditions 
in man. 

In seeking to understand disagreements between our findings and those 
indicating a more constant relationship between cholesterol metabolism and 
thyroid function a word might be said concerning the method. The 
author ** has used various blood cholesterol methods for several years and is 
acutely aware of their limitations. Periodically the standard solutions were 
checked. The time element and temperature of the solution affect appre- 
ciably the depth of blue. Bloch,** in 1933, studied each step in the estima- 
tion of cholesterol by the Liebermann-Burchard color reaction, using the 
time of the maximum reaction, temperature, light, solvent, concentration of 
cholesterol, quantity of sulphuric acid, and quantity of acetic anhydride as 
variables in apparently well-controlled observations. He found that the 
color developed in 15 minutes by the Liebermann-Burchard reaction is due 
to only two-thirds of the cholesterol present but finds that this is constant. 
he optimum conditions which he determined are embodied in the Sackett * 
procedure as used in these analyses. 

Ninety per cent of the estimations were made by the author. The re- 
maining analyses were made by a well-qualified senior medical student. It 
was found that an error of 5 to 8 per cent might appear in trials of the 
method made by using various known solutions of cholesterol and by adding 
varying quantities to blood filtrates. All standard and unknown solutions 
were prepared in duplicate. The type of patient from whom blood was 
taken was rarely known to the author at the time of the estimation. Occa- 
sionally the two standards, for an unexplained reason, failed to check prop- 
erly. In such instances the entire analysis of a fresh portion of the blood 
plasma was repeated. An electrically illuminated Klett colorimeter was used 
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in a location protected from the glare of extraneous light. We feel that 
there can be no question but what the great variations are due to an actual 
variation in the amount of blood sterol compounds reacting with acetic 
anhydride and sulphuric acid in chloroform solution. 

Evidence is accumulating that body sterols are effective substances in 
minute amounts; that many closely related forms are to be found with 
slightly different degrees of saturation, or positions of chemical groups in 
the sterol nucleus, and with greatly different biological influences.** °° It is 
now apparent that a close chemical relationship exists between cholesterol 
and crystalline vitamin D, estrogenic and male sex hormones, cardiac g)uco- 
sides, carcinogenic hydrocarbons, bile acids, etc.**** Then may not our 
plasma “ cholesterol’ readings be a titer of numerous circulating entities, 
each present in small and varying amounts in health and disease? is it not 
likely that the sterol causing the cholesterol figure in plasma from a patient 
with carcinoma is entirely different from that compound producing th 
greater part of the color in an estimation from the plasma of a patient with 
myxedema ? 

The possibility of a geographic or climatic cause for the behavior of 
blood cholesterol cannot be dismissed since it has been difficult for workers 
to agree upon the normal figures for blood cholesterol using the same method 
in different parts of this country and in other countries. 


CONCLUSIONS 


1. The figures for fasting blood plasma cholesterol in 52 normal adults, 
by a reasonably well controlled laboratory procedure, cover a wide range 
The lowest finding was 150 mg. and the highest 228 mg., with an average o! 
193 mg. 

2. In 145 patients having the plasma cholesterol and metabolic rate de- 
termined concomitantly there was no suggestion of correlation between the 
two. 

3. In a series of 45 of the above patients presenting a metabolic rate 
above the arbitrarily chosen figure of + 10, the sought-for correlation was 
not apparent. In 16 individuals presenting the undoubted clinical picture oi 
thyrotoxicosis, the cholesterol variation was not consistent for the group. 

4. In a series of 42 patients of the total group a metabolic rate of less 
than — 10 was found. Of these, 19 patients had well-defined evidence of 
hypothyroid state. Here, too, there was no tendency for the plasma choles- 
terol value to reflect the condition of the patient. 

5. The factors affecting the circulating cholesterol are too numerous for 
a single estimation to be of great significance in the diagnosis of disturbanc 
of the thyroid function. That thyroid disease is accompanied by cholestero! 
changes is not to be doubted, and plasma cholesterol estimations may prove 
of aid in following the progress of an individual patient under treatment 
provided such estimations are made frequently. 
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In this study the author had the excellent codperation of Dr. E. M. Dunstan, Director 
{ Clinics and Medical Director of Baylor University Hospital, Dr. C. Frank Brown, Chiet 


{ the Metabolism Clinic of Baylor University Medical Dispensary, as well as numerous 
gnior students in collecting and preserving specimens of blood plasma 
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THE USE OF HELIUM IN THE TREATMENT OF 
ASTHMA AND OBSTRUCTIVE LESIONS IN 
THE LARYNX AND TRACHEA * 


By Atvan L. Baracn, M.D., F.A.C.P.,7? New York, N. Y. 


INTRODUCTION 


THE proposal of helium as a new therapeutic gas was based on the con- 


ception that its decreased specific gravity in relation to nitrogen would make 


a helium-oxygen mixture easier to breathe than a comparable nitrogen- 
oxygen mixture, such as occurs in air... The molecular weight of helium 
bing 4, and that of nitrogen 28, the substitution of 80 per cent helium for 
80 per cent nitrogen, with the oxygen concentration 20 per cent, would pro- 
vide a respirable gas mixture which would have 33 per cent of the density 
‘hem, of air (table 1). Utilizing the physical formula F equals MA, where F 
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WEIGHT OF GAS 
IN GRAMS PER LITER 1429 1251 OUTS = 1.283 


SPECIFIC GRAVITY 
(52° F.) L065. 0% = O50 1000 «O34 


TABLE 1 


Comparative weight of the respirable gases per liter. 


is Force, M is Mass and A is Acceleration, it may be said in general that 
the force necessary to transport a gas, other things being equal, is propor- 
kD ° . . 2 , . = " 
Read at the Philadelphia meeting of the American College of Physicians, April 30, 1935 

From the Department of Medicine, College of Physicians and Surgeons, Columbia Uni- 
‘“tsity, and the Presbyterian Hospital, New York City. 
‘ Rm I author wishes to acknowledge assistance rendered to him by the United States 
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Pu ic Health Service, Bureau of Medicine and Surgery, United States Navy; The Linde 
4 Products Company, and the Helium Company, and to express his appreciation for their 
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tional to the density of the gas, and that in the case of an 80 per cent helium- 
20 per cent oxygen mixture, the force required would be one-third that 
necessary for movement of an 80 per cent nitrogen-20 per cent oxygen 
mixture. When passage of a gas through very fine orifices is considered, 
the rate of diffusion is proportional to the square root of the density ; under 
these circumstances, the pressure required for this type of gas movement 
for an 80 per cent helium-20 per cent oxygen mixture would be approxi- 
mately one-half that required for air.* 

Wherever there is obstruction to the movement of air in the respiratory 
tract, an increased pressure is necessary to transport air to and from the 
lungs. In long-continued or severe obstruction, the increased back-pressure 
causes distention of the pulmonary alveoli and impairment in their function. 
The substitution of helium for nitrogen provides a respirable mixture which 
may be breathed with a pressure theoretically one-half to one-third that 
used for air. In previous reports ** it was shown that the force required 
for human subjects to breathe through narrow orifices was 35 to 50 per 
cent less when helium-oxygen mixtures were inhaled instead of air. This 
saving in respiratory effort has been made use of in patients with severe 
asthma and obstructive lesions in the larynx and trachea. 


HISTORICAL 


Helium was discovered in the sun in 1868 by Jannsen and Lockyer * by 
means of the spectroscope. Its existence on earth was demonstrated by 
Ramsay * who obtained it from the mineral cleavite. It was later found to 
be a constituent of the atmosphere to the extent of one part in 200,000. 
Recently, it has been found to occur in certain natural gases. It has been 
used in dirigibles because of its buoyancy, having displaced hydrogen be- 
cause it is free from explosive possibilities. In 1923, a patent was registered 
in the United States Patent Office by Charles Cooke * for the use of helium 
with oxygen for divers, based on the fact that helium has a coefficient of 
solubility approximately half that of nitrogen, and because it is twice as 
diffusible. Sayers and Yant* in 1926 decompressed animals from 10 at- 
mospheres of helium-oxygen mixtures in from one-third to one-fourth the 
time necessary for nitrogen-oxygen mixtures and found no toxic effects 
from the use of helium under high pressures for short periods.* 

In a series of papers Hershey’ reported that exclusion of rare gases 
from the atmosphere was not compatible with life, using small animals such 
as mice for experimental subjects. The author,* during the past two years 
carefully tested this hypothesis and found that animals lived apparently un- 
influenced in atmospheres in which the rare gases were excluded for periods 
as long as 42 days. That helium was not itself harmful was next tested 


* Elihu Thompson (Science, 1927, Ixv, 36) called attention to correspondence with the 


U. S. Bureau of Mines in which he suggested the use of helium for divers in 1919, the 
ception having apparently arisen out of earlier experiments with hydrogen and oxygen per 
formed in 1873. . 
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A series of animals (mice) were kept in completely sealed chambers in 
which there was 79 per cent helium and 21 per cent oxygen. The chamber 
was cleaned twice a week; the technic of maintaining a constant percentage 
of the mixture has been described previously.” The mice seemed tnin- 
fluenced by the substitution of helium for nitrogen for periods of two 
months, confirming previous evidence of its biologic inertness. Helium 


was then proposed as a therapeutic gas," because its physical property of 
possessing the smallest specific gravity of any of the elements except hy- 
drogen suggested that it could be moved more easily to and from the lungs in 


conditions where obstructive dyspnea was present. The highly explosive 
nature of hydrogen when mixed with oxygen excludes its clinical use 


METHODS 


The administration of helium presents certain hazards that are more 
difficult to overcome than those encountered in the effective therapeutic use 
of oxygen. It is well known that oxygen therapy for years was employed 
in such small concentrations as to be of little or no value. The importance 
of knowing the concentration of oxygen inhaled by the patient has become 
generally recognized wherever high standards of medical practice are 
present ; there are still to be found, however, instances of oxygen tent therapy 
in which the concentration of oxygen administered is not known. The 
patient may or may not be benefited under these haphazard practices but is 
not apt to be injured. In the use of helium mixed with oxygen, the danger 
of an inert gas displacing too much oxygen is constantly present, since an 
excess Of helium will produce asphyxia. Careful oversight is also necessary 
to accomplish a rigid exclusion of nitrogen, for the beneficial effects of the 
inhalation of a lighter-than-air gas are lost when an inward leak of air 
enters the therapeutic atmosphere. Finally, the helium itself should be 
tested by an accurate helium analyzer to make sure that it is 97 to 99 per 
cent pure. 

The present high cost of helium commercially makes it expedient to use 
it as economically as possible.* The apparatus employed for oxygen ad- 
ministration cannot be simply turned over for administration of helium and 
oxygen. A leak in an oxygen tent, for example, will create a loss of helium 
that will speedily destroy the value of the procedure. The greater diffu- 
sivity of helium over oxygen or air makes it necessary to employ special 
balloon material to prevent loss by diffusion through the tent fabric. Several 
methods have been developed. 

lor relatively short periods of administration, such as one hour, a mask 
or mouthpiece apparatus has been used. A light rubber mask which fits 
tightly yet reasonably comfortably to the face is equipped with two one-inch 
outlets. One outlet is connected to the outside air by a rubber hose which 

*Helium may be obtained from the Helium Company, Louisville, Kentucky. The 


x0vernment has a large plant at Amarillo, Texas, which serves the Navy, the Army and 
other Government departments, but does not sell helium. 
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has an expiratory flutter valve at the terminal end. The other outlet js 
connected to an inspiratory flutter valve and then to a two-way metal valve 
by one-inch brass or mica tubing. The other end of the three-way valve 
is in turn connected to a Douglas bag, into which the gas mixture is ad- 
mitted. A heater may be inserted three to four inches from the mask. 
When a heater is employed, a mouthpiece is used to inhale the heated helium 
oxygen mixture, a thermometer being inserted just in front of the mouth- 
piece. The metal parts of the apparatus are insulated. 

The purpose of using heated helium-oxygen mixtures is to decrease 
still further the density of the mixtures. Dry air between 200 and 250 
In the accompanying table (table 1) 






I’, has been employed in some cases. 
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the effect of increasing temperatures on the specific gravity of a gas is 
shown. The gas during respiration is gradually deprived of most of its 
heat and becomes saturated. However, the fact that the expired air may 
be 10 degrees higher than expired unheated air® indicates that the inhaled 
heated gas is considerably less dense when it is passing through the bronchi. 
Helium-oxygen mixtures at room temperature have been used in most in- 
stances. 

Before treatment is begun, the Douglas bag is filled with helium and 
oxygen delivered from separate tanks through suitably calibrated gauges 
to make a mixture of 15 to 20 per cent oxygen and 85 to 80 per cent helium. 
As a check on the concentration finally attained, it is helpful to test the 
concentration of the combined gas as it enters the bag, or after it is filled 
The inlet of the gas mixture is now changed so that it is run into the metal 
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tube that connects with the mask or mouthpiece, which is then attached to the 
patient. In many instances, 15 liters of helium and 3 liters of oxygen are 
thus admitted. As treatment is begun the two-way valve is turned so that 
the mixture from the Douglas bag is partly inhaled with the gas entering 
near the mouthpiece. When the bag is emptied, the patient is disconnected 
from the apparatus, the two-way valve closed so that the Douglas bag may 
again be filled, and the treatment begun again. The reason for switching 
the inlet of oxygen and helium from the bag reservoir to the mouthpiece 
connection is that a slight positive pressure is thereby developed which 
facilitates the inlet of the gas into the lungs.* 

xperiments are in progress to develop a satisfactory method of re- 
using helium, by adding to a closed system the oxygen consumed by the 
patient. If valves are employed to circulate the gas through soda-lime, 
a positive pressure must be maintained to facilitate inspiration, since the 


patient with asthma finds it especially burdensome to develop additional 


inspiratory negative pressure to overcome the resistance in the tubing. 
A slight positive pressure in the system overcomes this resistance, which is 
then present during expiration. However, a slight increase in resistance 
to expiration is not uncomfortable and at times actually appears to facilitate 
the egress of the gas, perhaps by preventing further collapse of the bron- 
chiole by high expiratory pressures. A motor-blower unit may be used to 
circulate the mixture through the system, provided also a slight positive 
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D1aGRAM 1. Apparatus for helium-oxygen inhalation 


* The inspiratory flutter valve should be slit open *4 inch further to decrease resistance 

during periods when large tidal volumes are inhaled. 

_ The complete apparatus may be obtained from the Oxygen Therapy Service Company, 
New York. 

_ The mask and the helium analyzer are made by the Mine Rescue Appliance Company, 
"ittsburgh, Pa. 

The oxygen regulator is made by the Linde Air Products Company, New York 
The Forreger Company, New York, manufactures a calibrated water bottle 
The heater is supplied by the Gruenberg Electric Company. 
Be Helium Company is preparing mixtures of 20 per cent oxygen and 80 per cent 
helium which will simplify the administration of the gas. 
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pressure is maintained. (Diagram 2.) A method of increasing pressure 
during inspiration and decreasing it during expiration, which will be syn- 
chronous with the patient’s respiration, is being developed. In any of the 
methods employed to re-use the helium, the system must first be thoroughly 


blower 








DIAGRAM 2 


Helium rebreathing apparatus utilizing increased pressures. 


flushed with the gas mixture to remove all traces of nitrogen and a by-pass 
valve inserted by which the patient can breathe out the nitrogen of his 
residual air. Oxygen is then admitted at a rate which corresponds to th 
patient’s estimated basal metabolism. Repeated checks of the oxygen con- 
centration are necessary to determine whether the inflow of oxygen is ade- 
quate to maintain the desired oxygen concentration. Tests of the helium 
concentration reveal the presence or absence of inward air leaks. 

The oxygen tent has been modified to adapt it to the administration of 
helium with oxygen. The cooling, drying and ventilating are accomplished, 
as originally recommended, by direct passage of the atmosphere over chunks 
of ice.° The motor-blower unit must be leak-tight to helium. The 
canopy which encloses the patient is made out of special helium-proof bal- 
loon fabric. The material should be in one piece with an opening which 
makes a closure around the neck, or, particularly in infants, which takes im 
the entire body. This opening is closed with zippers and the surrounding 
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cloth folded over several times and clamped. Similar openings are present 
for administration of food and medicine. In both the adult and infant 
tents, a sleeve protrudes into the tent with a glove at the end, closed off from 
the inside atmosphere. The nurse may thus assist the patient without 
creating a leak. When treatment is commenced, in the tent used for adults, 
a bag is inflated within the tent, with the patient inside, with pure helium, 
while the remainder of the tent atmosphere is flushed out with a vigorous 
stream of pure oxygen. Air or nitrogen is thus reduced to a minimum. 
The bag is then opened within the tent. Adjustment of the desired con- 
centration of helium and oxygen is accomplished by admission of these gases 
through calibrated gauges. If the canopy is built so that only the head 
of the patient is enclosed and contact is made around the neck, considerable 
saving of helium is effected.* 

A helium testing apparatus has been developed by the Mine Rescue Appli- 
ance Company, based on the different diffusion propensities of air and helium. 
The helium concentration may be read off a dial within an accuracy of 0.5 
per cent, in half a minute after the gas sample has been admitted into the 
diffusion chamber. A simpler, less expensive but less accurate apparatus 
may be constructed by calibrating the variable depression made on a water 
manometer by light and dense gases. If a constriction to the outflow of 


gas is produced, a considerable difference in water level will occur when a 


constant volume of air is delivered as compared to mixtures containing 
variable percentages of helium. 

Since it is of obvious importance that the oxygen supply should never 
be interrupted, whatever method of administering helium and oxygen is 
used, two precautions have been adopted. The oxygen and helium gases 
are joined by a Y-tube immediately after their delivery from the gauge and 
passed thence into the tent by a single hose. The oxygen tank is connected 
by an arrangement developed by the Linde Air Products Company to a 
reserve tank which automatically delivers oxygen should anything happen 
to the one in use, such as the tank becoming empty or the valve inadvertently 
turned lower than the prescribed flow. The principle is simply that the 
reserve tank is set at a pressure just slightly lower than that at which oxygen 
is being delivered, and would therefore begin to function if the pressure in 
the first tank was for any reason decreased. An additional safeguard is 
an alarm which goes off when the oxygen flow stops. 

The precautions enumerated and the determination of both oxygen and 
helium concentrations are necessary both for the effective use of this gas 
mixture as well as to safeguard the patient. 7 

* The adult tent was built by the Oxygen Therapy Service Company, New York, and 
the infant model by Mr. John Emerson, Boston, Mass. 

_ 1 The effect of helium on the voice is characteristic and is a rough index of the presence 
oa high helium concentration. A high, quavering note is produced, resembling that of 
an old man or old woman. The lighter gas decreases the chest resonance. Inhalation of 


argon-oxygen mixtures has given the voice an opposite quality, increasing chest resonance 
because of its greater density. 
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For those who plan to use helium therapeutically a few additional words on 
special problems involved in its administration may be helpful, especially since we 
are employing at the present writing methods which are being gradually improved 

In the simplest form of administration, the helium-oxygen mixture is inhaled 
partly from a Douglas bag and partly from the stream of the gas which enters near 
the mouthpiece. The importance of having the inhaled mixture enter near the mouth- 
piece instead of from the bag alone is that a slight increased pressure is thereby ob- 
tained which noticeably increases the comfort of the patient. The bag should be 
filled with the mixture before treatment is begun; from then on the desired flow, for 
example, 16 liters per minute of helium and 4 liters oxygen, is transferred to entrance 
near the mouthpiece. This flow would be necessary for only very high pulmonary 
ventilations; half as much would be used for low pulmonary ventilations. The 
exhaled atmosphere is wasted, passing into the air through the expiratory flutter valve. 

For economic reasons it is highly desirable to re-use helium. A simple closed 
system in which the atmosphere would be blown through soda-lime presented certain 
difficulties. The first one was that leakage in the motor blower unit contaminated 
the atmosphere with nitrogen and lost helium more rapidly than oxygen because of 
its decreased density. It was found that if a pressure of 3 to 14 cm. of water was 
maintained in the system, the leaks would be outward and would therefore prevent 
entrance of nitrogen. This was done by insertion of a variable resistance in the 
tubing through which the exhaled air was passed. This increased pressure was found 
to be of decided value in increasing the velocity of the helium-oxygen mixture during 
inspiration. without causing additional discomfort during expiration. (The reasons 
for this may be gathered from the body of this article and a forthcoming study on 
animal experiments.) Since it is known that the velocity of a gas is proportional to 
the square root of the increase in pressure, it became obvious that we could gain more 
by raising the pressure of the inhaled gas than we could by lightening its density 
through increasing its temperature, and we therefore have concentrated our attention 
on this phase of technic more recently. 

By employing a Sturtevant motor-blower unit, the leakage in this closed system is 
slight ; 4 liters of helium and 1 liter of oxygen per minute more than suffice to main- 
tain the original atmosphere. Progress is being made in further reducing the leak- 
age. In this apparatus, when the patient begins breathing through the mouthpiece, 
he first inhales air through the small valve mechanism to which the mouthpiece 1s 
attached. The Douglas bag is filled with the desired helium-oxygen mixture, usually 
20 per cent oxygen, 80 per cent helium (at times 15 to 19 per cent oxygen, the re- 
mainder helium). A valve connected with the exhalation tubing is turned so that the 
patient’s expired air goes into the atmosphere instead of into the closed system, in order 
that the 2 liters or more of the nitrogen of his residual air does not contaminate the 
helium-oxygen mixture being built up in the bag. The valve at the mouthpiece 1s 
next turned so that the patient inhales the helium-oxygen mixture instead of air 
After he has taken 8 breaths, he has quite well washed the nitrogen out of his lungs, 
and the valve referred to on the exhalation tubing side may now be turned so that he 
breathes into the closed system and the helium is re-used. “The motor-blower unit is 
now turned on adding the increased pressure to inspiration. The reason that the 
turning on of the motor-blower unit has been delayed to this time is to prevent the 
large loss of helium which would otherwise have taken place when the patient was 
discharging the nitrogen of his residual air into the atmosphere. 

When the bag has been filled, a flow of 4 liters of helium and 1 of oxygen main- 
tains the helium concentration approximately constant. The oxygen consumption 0! 
the patient, 200 to 400 c.c., may have to be compensated for by a very slight increase 
in the oxygen admitted, thus 1.2 instead of 1.0 c.c. As we usually employ 17 per cent 
oxygen, the relatively small oxygen consumption by the patient makes little difference 
at the above flow; for after a little while the bag gets too full and a valve in the cit- 
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cuit past the bag must be opened and the gas mixture allowed to run into the air until 
the bag is somewhat reduced in size. 

If an absolutely leak-tight motor-blower unit were found, then it would be 
necessary merely to run in 200 to 400 c.c. of oxygen, depending on the oxygen con 
sumption of the patient. It is obviously important to test the oxygen concentration of 
the gas entering the bag, which can be easily done in a minute by withdrawing a 
sample from a T-tube inserted in the rubber tubing which leads to the bag. The 
oxygen concentration in the closed system itself should also be tested to guard against 
leaks. Our practice is also to test the helium concentration by a densiometer, which 
reassures the operator of his technic in excluding nitrogen. It is essential to test the 
oxygen concentration to prevent undue accumulation of helium to asphyxial propor- 
tions. For that reason, the responsibility of administering this gas must rest with a 
physician; a technician may be employed to administer the gas under the physician’s 
direction and responsibility, but it is not justifiable for a physician who does not 
comprehend the technic to request helium therapy from a purely technical service 
The danger of death from asphyxiation is too real to be put under the control and 
management of technicians. With oxygen therapy the situation is obviously different 
inasmuch as no risk from asphyxia is present. 

The author is at the moment experimenting with the Russ-Beach pump, which is 
air-tight, and with the Roots-Connersville blower. They possess the additional ad 
vantage of being capable of delivering the atmospheres at higher pressures, such as 
10 to 13 cm. of water, which enormously facilitate the entrance of the gas during 
inspiration but are high for expiration. An apparatus has been used in which 
the technician or nurse operates manually a valve by which the pressure is removed 
during exhalation and introduced during inspiration. An attempt is being made to 
accomplish this electrically by use of a photoelectric cell inserted near the patient’s 
mouth. A small vane which moves toward the mouth during inspiration and away 
from the mouth during expiration interrupts a light from a photoelectric cell. The 
practicability of this latter apparatus has yet to be demonstrated; it is mentioned at 
this time for those individuals who actually plan to use helium 

The special importance of utilizing increased pressures during inspiration is to 
liminish the intrathoracic negative pressure which is high in obstructive dyspnea. In 
animal experiments the author has shown that edema of the lungs may occur in three 
hours, with circulatory failure, after continuous breathing through a resistance. The 
high intrapleural pressure not only acts like cupping the lungs but also sucks blood 
in the right heart and tends to prevent it from leaving the lungs, with resultant in 
adequate filling of the left ventricle. It has been shown that attacks of cardiac asthma 
are associated with a sudden increase in the volume of blood in the lungs (WeEztss, S 
and Rogs, G. P.: Jr. Am. Med. Assoc., 1933, c, 1841). The administration of helium 
ind oxygen under pressure not only facilitates pulmonary ventilation but also lessens 
ntrathoracic pressure, decreasing the accumulation of blood in the lungs, tending to 
prevent or to ameliorate edema of the lungs and circulatory failure. 


RESULTS 

A. Asthma. The rdle of helium in the treatment of asthma will be pre 
‘ented by reciting the histories of four patients in whom its therapeutic 
value is manifested and by illustrating through graphic records its effect on 
various phases of pulmonary ventilation. 

The graphs in Case 1 were obtained by the patient breathing through 
4mouthpiece into a basal metabolism apparatus in which the CO, was re 
moved either by the patient’s respirations through soda-lime or by means 
%amotor. Low and high speed drums were used to record the qualitative 
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pulmonary air-way. The tube that leads off from the patient’s mouth is 
tapped by a hard rubber hose that is in turn connected to a water manometer, 
As the patient breathes, especially when there is resistance external to the 
site where the breathing tube is tapped or when rapid forceful respirations 
are present, the pressure required to move the air in the respiratory system 
is communicated to the water manometer. The excursions of the water 
level are recorded on a moving drum by means of a delicate float which 
rides in the water of the distal arm of the manometer and which has attached 
to ita fine pen. The pressure readings thus obtained represent the pressure 
against which the respiratory musculature works and become thus an in- 
direct index of respiratory effort. When the pulmonary air-way is entirely 
unobstructed and when respiration is proceeding slowly and quietly, there 
are recorded only very slight pressure differences. However, when rapid 
movement of air becomes necessary and particularly when a hindrance to 
the free passage of air develops in any part of the respiratory tract, the 
pressure in the pulmonary air-way is markedly increased and it is therefore 
under these circumstances that the decrease in the effort necessary to move 
a relatively light helium-oxygen gas becomes of clinical importance. 


CASE REPORTS 





Case 1. Male, age 26 years. Patient entered the Hospital on his sixth admis- 
sion complaining of severe continuous asthma of 48 hours’ duration. Attacks of 
asthma began two years ago. Since then, he had been admitted five times for severe 
asthma, complicated by either sinusitis, bronchitis or bronchopneumonia. Allergic 
skin tests were negative. Treatment in addition to rest was mainly directed to his 
sinuses, although radical procedures were not undertaken. He left the Hospital one 
month previous to his present admission. At home, he was well for one week, when 
his asthma returned with its accustomed severity, necessitating 10 injections of 
adrenalin daily for the remaining three weeks. During the 48 hours preceding en- 
trance to the Hospital, he suffered continuous asthma unrelieved by adrenalin. 

On examination, he was seen to be a thin young man, acutely ill, breathing wit! 
great difficulty, inspiratory and expiratory; cyanotic and anxious. Lungs were 
filled with sibilant and sonorous rales; expiration was prolonged. Temperature was 
101.4°; pulse 110; respiration 30. Roentgenogram of lungs was negative. For the 
next 12 days, he suffered almost continuously from varying grades of asthma, 
adrenalin infrequently affording temporary periods of relief. 

The Douglas bag apparatus, with a mouthpiece and with a mask, as described 
above, was used. At first, pure oxygen was administered, without alleviation 0 
dyspnea, although his color improved. A mixture of 80 per cent helium and 20 per 
cent oxygen was then admitted into the system. After he had inhaled six breaths 
relief became manifest and in two minutes he was asleep, the retraction in his neck 
muscles having almost completely disappeared. Most of the sibilant and sonorous 
rales in his chest were no longer present. Oxygen was gradually substituted f f 
helium and when the concentration of oxygen got as high as 30 per cent, dyspnea 4! 
rales returned. Administration of helium and oxygen again brought relief. That 
night, he was given 80 per cent helium and 20 per cent oxygen for one hour before 


as well as the quantitative changes in pulmonary ventilation. In addition, 
a measurement was taken which will be referred to as the pressure in the 
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bedtime. He became relaxed, free from evident dyspnea, and slept restfully for six 
hours. 

In this patient, attacks of asthma were almost always preceded by severe cough- 
ing spells. Attempts to abort these attacks with the inhalation of helium and oxygen 
were unsuccessful. At the conclusion of these violent seizures, dyspneic asthmatic 
breathing continued which was then relieved by inhalation of helium-oxygen mixtures. 
The extent of relief varied, depending upon the type of bronchiolar obstruction he 
was suffering from at the time. When the larger bronchioles appeared to be con- 
stricting, as suggested by sonorous rales in predominance, relief might be estimated 
to be between 90 and 100 per cent; if the fine bronchioles were constricting, as 
suggested by long-drawn-out piping and sibilant sounds, relief was estimated to be 
between 70 and 80 per cent. 

The rest to his respiratory musculature was quickly apparent. His refractori 
ness to adrenalin gradually diminished, and the number of attacks lessened to two ot 
three daily during the next two months. Helium, either through a mouthpiece or a 
mask, was given at intervals two to four times daily, for 15 minutes to 1 hour. 
Frequently, 85 per cent helium with 15 per cent oxygen was employed, since a greater 
degree of relief was obtained than with 80 per cent helium. The slight degree of 
anoxemia which the mixture induced seemed to be counter-balanced by the increased 
ease of penetration of the gas. 

Therapeutic procedures aimed to cure the condition were not completely suc- 
cessful. Bacterial filtrates and vaccines were tried; residence in a dust-free room: 
oxygen chamber therapy; elimination diets; calcium and viosterol administration; 
postural drainage; radical maxillary sinus drainage; roentgen-ray therapy of sinuses 
and spleen; bronchoscopic treatments; psychotherapy. For a period of one month, 
helium and oxygen treatments were stopped. Asthma became gradually of the more 
continuous type; his adrenalin need increased to 5 and 6 injections daily. Helium 
and oxygen inhalations were instituted day and night for all continuous asthma— 
the mild attacks and the asthma that persisted after severe seizures. The number 
of asthmatic attacks decreased to 2 or 3 daily, relieved by adrenalin. Continuous 
asthma disappeared. 

Inhalations of 15 to 20 per cent oxygen with 85 to 80 per cent helium were given 
after heating the inspired air to between 200 and 250° F. Only dry gas can be 
breathed at these high temperatures. Although the mouthpiece felt somewhat hot 
unless removed slightly from the teeth, the patient liked the sensation of the heated 
air in his chest and believed that he obtained more relief than from the mixture at 
room temperature. Furthermore, treatments were followed by expectoration of 
loosened watery mucus. However, it was not possible to abort a severe attack 
When an acute asthmatic seizure commenced and gradually increased, the patient 


i 
1 


gave himself the helium-oxygen mixture for at times as long as 2 hours, with partial 
relief as long as he was inhaling it but with recurrence of severe asthma as soon as 
the mouthpiece was removed. The more continuous type of asthma responded much 
better to inhalation of helium-oxygen mixtures. Frequently, the patient asked for 
adrenalin because of pain in his ribs after he had had continuous asthma for a long 
period. This pain was completely relieved by breathing helium and oxygen without 
necessitating an injection of adrenalin. During the two months in which he was 


treated periodically, it became evident that refractoriness to adrenalin increased as 


he suffered more from continuous asthma, and that administration of helium oxygen 
mxtures which relieved the continuous asthma was followed by disappearance of 
refractoriness to adrenalin. This effect may be ascribed probably not only to rest of 
the respiratory musculature but also to the other integral parts of the respiratory 
system, the bronchial and bronchiolar musculature, the decreased alveolar distention. 
the sympathetic nervous system, as well as the more conscious components of the 
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The following charts reveal some of the physiological effects of inhala- 
tion of helium and oxygen. 


NITROGEN 77* = HELIUM 7 
ONGEN 21% = OXYGEN 21+ 


TIDAL VOLUME 


= BEE. ae (an xe 


AVERAGE TIME ron 
COMPLETE RESPIRATION 3.17 sx 2.31 sec 


AVERAGE INSPIRATORY PHASE 1.09 see Th sec. 
AVERAGE EXPIRATORY PHASE 2.10 se 1 50 sec. 


PERCENT TIME 
DEVOTED +o INSPIRATION . 26.8 % 57.5 % 


PER CENT of TIME ' 
DEVOTED ro EXPIRATION 712 % 62.5 * 


CHART 1 


In the above chart (chart 1) a comparison of the respiratory cycl 
when the patient was breathing air and a helium-oxygen mixture was mat 
during an attack of asthma. When air was breathed, the respiratory cycl 


was more prolonged and slow. The time occupied by expiration, both ab 


NTROGtN 77% OXYGEN 2i¢ = HELIUM 77% OXYGEN 2i+ 


PRESSURE 4.76 dail ——| 300 PRESSURE 


570% % Pressure 
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Cuart 2. Patient in continuous asthmatic respiration. Breathing helium-oxygen mixtut 
pulmonary pressure reduced 37 per cent and pulmonary ventilation reduced 13.3 pet 
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solutely and relatively, was considerably less when the helium-oxygen mix- 
ture was inhaled. In addition, it can be observed that expiration, which is 
represented by the down-stroke of the graph, proceeds at a swifter pace at 
the very start of exhaling the helium-oxygen mixture, indicating a lessened 
time in which the alveoli are exposed to a distending expiratory pressure. 
In contrast, expiration takes place more slowly when air is breathed and 
with the maintenance of a higher pressure. 

In the above chart (chart 2) comparison is made between the “ pul- 
monary ” pressure present when the patient breathed a helium-oxygen mix 
ture and air. The decrease in this pressure is an index of the decreased 
effort involved. The actual pressure differences recorded in the graph 
represent in large part the work performed against the resistance in the 
testing apparatus itself, but it affords an insight into the relative differences 
in pressure required to move air and the lighter gas in obstructions that are 
placed in the interior of the respiratory tubal system, larynx, trachea, 
bronchi and bronchioles. 

NITROGEN 73* OXYGEN 21* HELIUM €5* OXYGEN 15% 


MSPRATION 7 


CXPRATION | | ARAN 


TIDAL VOLUME 
RESPIRATORY RATE 19.75 
PULMONARY VENTILATION = 16,130 


PERCENT REDUCTION 1 -34 4 % 
PULMONARY VENTILATION . 


HART 3. Patient in continuous asthmatic breathing. Increased rest period in each res 
oxygen mixture. 


piratory cycle and reduced pulmonary ventilation with helium 

In chart 3, the graph was obtained during a period of continuous asthma. 
(he decrease in pulmonary ventilation is very apparent. There can also 
be observed a difference in the quality of the respiratory cycle. During 
inhalation of air, the sharp acute angles at each respiratory cycle indicat 
nabsence of a rest period, which is shown to be present during inhalation 
of helium and oxygen by the more rounded shape of the curve, with a pause 
at the end of expiration. The ceaseless activity of the respiratory mus- 
tulature during chronic continuous asthma plays a role in the production 
of the fatigue which this type of patient suffers from and is probably in 
volved along with other factors touched upon above in the development of 
tefractoriness to adrenalin. In some attacks of acute severe asthma, al- 
though helium-oxygen inhalations decrease the need for increased pulmonary 


ventilations, the rest period is not produced, as is shown in the following 
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chart (chart 4). It is probably that this variation in response is dependent 
upon the size of the bronchioles that are most affected; the smaller the 
orifice the more difficult it becomes to give maximal relief. 


NOROGEN 77 OXYGEN CI HELM? OntERZ1* 











TIDAL VOLUME 
RESP. RATE 24.25 cans THC 


PULMONARY VENT. } 11.640. ACUTE AT TALK typies 
PER CENT REDUCTION 
Bt PULDNARY VENT - 30)" 


CuHart 4 


In this patient, the pulmonary ventilation during asthmatic seizures 
was increased almost three to four times his resting ventilation. This fact 
itself is of considerable interest and will be commented upon later. The 
effect of inhalation of helium-oxygen mixtures is almost always to decrease 
both the pulmonary ventilation and the tidal air. 

Case 2. Male, age 22 years. Past History: At the age of three, the patient had 
tuberculous glands removed from his neck. Following this, he developed bone 
tuberculosis and was in a tuberculosis sanatorium at six and again at fifteen. Hi 
had repeated attacks of head colds and bronchitis up to four years ago. Present 
Illness: Two and a half months ago, the patient first developed asthmatic breathing 
and two weeks later he suffered a severe asthmatic attack which lasted three days 
Since then, he has had asthma intermittently. On admission, he was seen to be 4 
fairly well-developed man of 22, in typical asthmatic breathing. Lungs were filled 
with sibilant and sonorous rales, without dullness; expiration prolonged. He con 
tinued to wheeze for one week, when he contracted bronchitis with fever. His 
asthma then cleared for two weeks. During the seventh week, he caught a head cold 
which was improving when he suddenly began to wheeze. ‘The asthmatic attack be 
came progressively worse, unrelieved by adrenalin in repeated doses, or by morphine 
or atropine. He became cyanotic and was placed in an oxygen tent with 60 per cent 
oxygen. His color improved but asthmatic breathing persisted. His pulse grad- 
ually became weaker and at the end of 20 hours almost imperceptible. He was 
comatose. The breathing was in shallow gasps; the rate had declined to 15 times 
a minute. He appeared to be in imminent danger of respiratory failure. Alpha- 
lobelin, 3/20 of a grain, was given intramuscularly, with temporary increase in rate 
of respiration and marked accentuation of retraction signs in the neck muscles 
Within five minutes, breathing again became slow, shallow and gasping. 

A mixture of approximately 75 per cent helium and 20 per cent oxygen \ 
tained in the tent (the remainder water vapor and nitrogen), and within half an 
the patient became conscious, retraction signs in the neck muscles diminished, 
provement became progressive. In two and a half hours, the patient wa 
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pletely comfortable in the tent; there was no neck muscle retraction; breathing had 
increased to 20 per minute; the pulse was of fairly good quality and the tent was 
removed. In about 15 seconds, the visible signs of asthma returned, accompanied by 
neck muscle retraction. However, the patient was rested, cheerful and out of danger 
His subsequent attacks responded promptly to adrenalin. One week later, he re 
turned home suffering from occasional attacks, and attempted to find work. Fou 
months later, he was in good health, not inconvenienced appreciably by occasional 
attacks, which promptly responded to adrenalin. 


In this patient, the inhalation of a helium-oxygen mixture was followed 
by what appeared to be an increase in pulmonary ventilation. He was too 
ill to permit getting a record of his tidal air, but the clinical impression was 
unmistakable that he had an increased depth and an increased rate of respira- 
tion while he was inhaling the helium-oxygen gas. The respiratory mus 
culature, which seemed on the verge of complete cessation of activity, was 
rested to such an extent after two and a half hours that the patient was able 
to tolerate without discomfort the moderate degree of asthma which re- 


turned when the tent was removed. 

Case 3. Female, age 40 years. Family History: One sister and a grandmother 
had asthma. 

Present Illness: Asthmatic attacks began two years ago. Since then, she has had 
four hospital admissions for severe asthma. Tonsillectomy, administration of bac 
terial filtrates and vaccines, drainage of sinuses and establishment of permanent 
antral openings, postural drainage and psychiatric interviews, were followed by no 
improvement. In the hospital, the asthmatic attacks always abated on residence in 
an oxygen tent for 10 days to three weeks, and twice in the filtered air room. After 
being home from the hospital for one week, she again returned with severe asthma 
On examination, she was a thin, poorly nourished woman in severe asthmatic breath 
ing. Lungs showed dullness and fine crepitant rales at right base and widespread 
sibilant and sonorous rales. Expiration was markedly prolonged. She was gradually 
improved by adrenalin, 6 to 8 c.c. daily, oxygen tent with 50 to 60 per cent oxygen, 
codeine, bromides and iodides. However, on the sixth week of residence in the 
hospital, the attacks became steadily more frequent, ending in continuous asthma 
for 48 hours. Adrenalin, large doses of nembutal and oxygen in the tent did not 
relieve her. She was aroused with difficulty and then was irrational, no doubt partly 
due to nembutal and bromides. Sibilant and sonorous rales persisted throughout 
her lungs. She was taken out of the tent and a mask attached to her face At first 
she struggled against the mask but after 15 minutes of inhaling 18 to 20 per cent 
oxygen and 82 to 80 per cent helium, she was relaxed and accepted the treatment 
willingly. The relief of her dyspnea was noticeable and one hour later treatment 
was discontinued. Approximately 90 per cent of the rales had disappeared and 
lid not return that afternoon. She was both subjectively and objectively relieved 
of asthma. An attack the following day was promptly relieved by adrenalin. She 
gradually improved, helium and oxygen being administered at intervals for three 
lays. For two weeks she required no adrenalin, when wheezing and coughing re 
turned, necessitating for two additional weeks two to four injections of adrenalin 
daily. Attacks cleared up during the subsequent week and the patient left the hos 
pital temporarily free from asthma. 


rhe use of helium-oxygen mixtures in this patient was followed by a 


clearing up of a persistent siege of continuous exhausting asthma and by 
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The patient was a difficult 





disappearance of refractoriness to adrenalin. 
one to handle since she attributed her asthmatic attacks to the most recent 
antecedent treatment. The various procedures which were attempted had 
all to be abandoned without a satisfactory trial for this reason. 






Case 4. Male, age 52 years. Past History: Patient had had a chronic post-nasal 
discharge for six years following a head cold. Present Illness: Asthmatic attacks 
began five years ago. His first admission to this hospital was two years ago when 
he complained of almost steady asthma for the preceding three weeks. Allergic study 
was negative. External ethmoidectomy and later frontal sinusectomy were per- 
formed. Following the latter procedure, asthmatic attacks were said to have become 
worse. Five days before admission, he went into status asthmaticus and entered the 
hospital almost moribund. On physical examination, he was a middle-aged man 
thin and worn looking, obviously in extremis. His hands and feet were cold; res- 
pirations were very shallow and slightly labored; lungs contained a few scattered 
squeaks and whines. There was slight dullness in the right anterior chest with sup- 
pressed breath sounds. Heart was not enlarged; sounds were of very poor quality 
Pulse was poor; rate 110; vessel wall sclerotic. W. b. c. 22,700; polynuclear per- 
centage 79. Patient seemed about to expire when he reached the ward. He was put 
into an oxygen tent in an oxygen concentration of 50 to 60 per cent. He was given 
morphine and atropine, and caffeine sodium benzoate 0.6 gram. The latter medications 
appeared to be followed by striking improvement in general condition, but status 
asthmaticus continued. On the following day, inhalations of helium 80 per cent and 
oxygen 20 per cent were begun for periods of one hour. After the first inhalation, 
the patient became temporarily better, relaxed and relieved of asthma. Return of 





























symptoms of the same severity was treated with adrenalin with little relief. A second & , 
period of inhalation of helium and oxygen for one hour was again followed by re- § 
laxation, sleep and freedom from asthma. Return of symptoms several hours later , 
was again treated by adrenalin which this time was followed by disappearance of & " 
asthma. Patient was treated intermittently with helium-oxygen inhalations for the J 4 
next two days, but following the disappearance of his refractoriness to adrenalit re 
patient preferred the injection to breathing through a mask. He progressively im- Bo, 
proved, leaving the ward three and a half weeks later, requiring at that time 1 to - , 
injections of adrenalin in 24 hours. ' 
In this patient, the administration of helium-oxygen mixtures for periods y 
of one hour at a time was followed by interruption of a profoundly severe 
asthmatic state, temporary relief of asthma and disappearance of refrac- - 
toriness to adrenalin. “l 
B. Obstructive Lesions in the Trachea and Larynx. Two patients with de 
carcinoma of the larynx had previously been subjected to tracheotomy. § 
When the tube was closed, a test was made of the effect of inhalation of a 
helium-oxygen mixture as contrasted to air. Relief was experienced in ei 
both cases, in one almost complete. A third patient with esophageal cat- FF the 
cinoma was given helium-oxygen inhalations with marked relief of dyspnea J app 





and stridor, until an acute exacerbation of symptoms took place, necessi- 
tating tracheotomy. Measurement of the “ pulmonary” pressure in oné 
case of laryngeal carcinoma showed the same type of decreased pressuté 
when the helium-oxygen mixture was breathed instead of air, as was show! 
in the first asthma patient reported in the previous section. ‘The first cast 
to be reported in detail is that of laryngeal edema in an infant. 
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Case 5. Boy, age 4 months. Patient had had a head cold with a cough for six 
weeks when suddenly his breathing became difficult and wheezy. His subsequent 
history revealed that he swallowed “something green” at 9 a.m. On examination 
late that afternoon, he was seen to be a fairly well developed boy of four months. His 
respirations were accompanied by a sound which seemed to be produced near the 
larynx. Lungs were negative except for occasional wheezing sounds. Roentgen-ray 
showed a speck in the infra-glottic region. Laryngoscopy was done, followed by 
esophagoscopy, with removal of a green tack from the esophagus. On the following 
evening, he became markedly dyspneic, with retraction of neck muscles, cyanosis and 
restlessness. Administration of 90 per cent oxygen in a tent cleared the cyanosis but 
gave no relief to his dyspnea. Helium was then added to a concentration of 80 per 
cent; oxygen concentration 20 per cent. The boy became obviously more comfortable 
within a few minutes, with relief of dyspnea but with perceptible cyanosis. Oxygen 
was then increased to 30 per cent, helium 70 per cent. Color was then pink and 
dyspnea absent. He was given codeine. At 6 a.m. the following morning, he was 
fed and changed outside the tent. Marked difficulty in breathing and restlessness 
returned. After about six to eight coughing spells, between each one of which he 
had a free interval, a tracheotomy was done at 
for a time when severe dyspnea again developed. During the following five days, 


S} 
3 


p.m. Patient was then comfortable 


he had to be repeatedly bronchoscoped or aspirated to remove mucus plugging the 
bronchi. He developed bronchopneumonia during this period and died six days afte 
tracheotomy. At autopsy, a diffuse bronchopneumonia was found but no laryngeal 
obstruction or edema. 


In this case, the continuous inhalation of 70 per cent helium and 30 per 
cent oxygen relieved the obstructive dyspnea and cleared the cyanosis, 
whereas 90 per cent oxygen removed the cyanotic color but did not give any 
relief to the urgent obstructive dyspnea. In this kind of lesion, residence 
ina helium-oxygen tent until the acute process in the larynx subsides would 
appear to be a rational procedure. Laryngeal obstruction may occur as a 
result of trauma, or in the course of infectious diseases such as diphtheria, 
or as a consequence of tumors. In any instance where a resolution of the 
obstruction may be expected, inhalation of helium-oxygen mixtures might 
tide the patient over the period of obstruction. 


Case 6. Female, age 6 weeks. The patient suffered from stridor since birth 
Three days before admission, her condition became worse and she choked on eating 
During her examination in the out-patient department she had an acute respiratory 
‘ollapse and was admitted as an emergency. On examination, she was a well- 
leveloped infant, gasping at each breath. On inspiration, there was marked retrac 
tion of suprasternal, intercostal, sub-xiphoid 
markedly cyanotic on crying. Lungs were clear. The administration of 90 to 100 
per cent oxygen in the helium-oxygen tent removed most of the cyanosis but did not 
relieve the dyspnea. When 68 per cent helium and 24 per cent oxygen were given, 


d and subcostal spaces. She became 
| 
i 


the dyspnea was very much relieved. The retraction of the neck muscles dis 
appeared but slight sub-xiphoid retraction was evident. The helium employed at that 
lime was put into the tanks as an emergency measure and was only 94 per cent pure.* 
Undoubtedly, even better results would have been secured if pure helium had then 
been available. As it was, her respirations declined to 20 per minute in the tent 
atmosphere of helium and oxygen; she slept peacefully and could take her nourishment 
_ ™Two to 3 per cent of the atmosphere was water vapor. The density of water vapor is 
éss than that of air but much more than a helium-oxygen mixture. Calcium chloride was 
wed in addition to ice to dry the air in some instances. 
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without effort. When she was taken out of the tent, the respiratory rate accelerated 
to 40 per minute; marked retraction of all the accessory muscles of respiration be- 
came manifest; she became restless and unable to take her feedings. She was kept 
in the helium-oxygen atmosphere for eight days in the hope that the obstructive 
process might clear. No improvement in her condition when outside the tent took 
place and a tracheotomy was performed. The obstruction was found to be just above 
the bifurcation, its nature not discovered. Following the tracheotomy, she developed 
a bilateral pneumothorax with urgent dyspnea. This was relieved only when the 
oxygen concentration was kept above 90 per cent. At the end of 16 hours, it was 
reduced to 50 per cent, and in 3 days discontinued. The baby was well one month 
after tracheotomy, except that repeated aspirations of the trachea were necessary 
Three months later, she died suddenly. At autopsy, the tracheotomy tube was found 
to have eroded a soft tumor in the tracheal wall and ruptured the innominate artery. 


In this infant, the relief of dyspnea afforded by inhalation of a helium- 
oxygen mixture was striking. Had the lesion been of the type that might 
have resolved, she could have been kept in the tent atmosphere for an in- 
definite period. The dyspnea that took place when the lungs were suddenly 
collapsed was not obstructive but rather dyspnea dependent upon acute 
oxygen-want. It was exceedingly interesting to observe the different 
pathogenesis of dyspnea in this child. In considering the dyspnea due to 
the pneumothorax, it was instructive that the inhalation of 50 per cent 
oxygen was without any discernible effect on the dyspnea; in fact, it was 
not until concentrations above 90 per cent were administered that the dyspnea 
was relieved. These high concentrations of oxygen are dangerous for 


periods exceeding 12 to 16 hours daily and should generally be relinquished 
for concentrations below 60 per cent for the remainder of the 24 hours. 
Over long periods of time, such as two or more weeks, concentrations of 
over 90 per cent oxygen should not be given, even when limited to 12 hours 


daily.* 
In these two patients, a slight increase in the oxygen concentration of 
the helium mixture above 21 per cent (between 24 and 30 per cent) ap- 
peared clinically more beneficial than lower oxygen concentrations. Not 
only was the cyanosis relieved with the added oxygen but the patients them- 
selves seemed less restless. An opposite response was obtained in the pa- 
tients with severe chronic continuous asthma, in whom 17 per cent oxygen 
and 83 per cent helium were generally clinically superior to higher oxygen 
concentrations. It was observed that 21 per cent oxygen in helium when ad- 
ministered to the infants with laryngeal and tracheal obstruction did not over- 
come the marked cyanotic color, and lower oxygen concentrations definitel) 
increased the cyanosis and restlessness. However, in the patients with 
asthma, during continuous asthmatic respiration, there was only slight 
*In work to be published on the effect of high oxygen concentrations on white mice, tt 
was shown that animals survived 12 hours a day pure oxygen, with 50 per cent oxygen the 
remainder of the time, but that pathologic section of the lungs revealed in many case 
organizing pneumonia. The use of concentrations of oxygen as high as 90 per cent “should 
not be discarded for emergency conditions, when it may be of critical importance to a& 
minister them, but their employment over long periods does not seem warranted in view © 
experimental evidence. 
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cyanosis during the breathing of 21 per cent oxygen in helium, and there was 


but very slight and sometimes imperceptible increase in cyanosis when the 
oxygen concentration was still further reduced, such as to 17 or 18 per cent, 
with obvious increase in comfort. Obviously, the lower oxygen concen- 
tration was attempted in order to give as much helium and therefore as 
much physical relief as possible. 

These differences in clinical response to the oxygen concentration in the 
helium mixture have been somewhat clarified by dog experiments which are 
to be reported separately. It appears likely that higher intrapleural nega- 
tive pressures take place in laryngeal and tracheal obstruction than in 
asthma, and that with these markedly elevated negative pressures, there 
occurs a congestion and edema of the lungs, the lung being subjected to a 
kind of “dry cupping,” which produces a more serious anoxemia and cir- 
culatory failure in laryngo-tracheal obstruction than is generally present in 
chronic continuous asthma, accounting for the greater benefit obtained by 
increased oxygen tension in these conditions. In general, the precise 
dosage of helium and oxygen will have to be estimated by gauging the 
legree to which anoxemia or respiratory fatigue is involved. 

DiscUSSION OF RESULTS 

Although four cases of asthma are insufficient for a final evaluation of 
the role of helium in the treatment of this disease, the beneficial effects 
which were obtained had sufficient uniformity to permit certain observations 
concerning the physiologic effects of this gas administered with oxygen. 

When the patient was experiencing more or less continuous asthma, 
teief was obtained by the inhalation of 80 to 85 per cent helium with 20 
t0 15 per cent oxygen. The character of the spasm appeared to determine 
whether the dyspnea was alleviated completely or partially. When the rales 
were predominantly of the thin, long-drawn-out, piping quality, the removal 
f the sensation of air-hunger was less marked than when more sonorous 
files were present, suggesting involvement of the larger size bronchioles 
Relief was felt after six to 10 breaths, as the nitrogen in the pulmonary 
residual air was replaced by helium. Objectively, the signs of over-ac- 
tivity of the accessory muscles of respiration, such as those in the neck, were 
iminished, or, in some cases, disappeared. If the treatment was given 
for a short period, such as five minutes, return to respiration of air was 
tollowed in three to four breaths by recurrence of asthmatic breathing 
When the inhalation of the helium-oxygen mixture was continued for an 
our or more, the patient frequently, although not always, had a period 
of relief from asthma for six to eight hours. Furthermore, repeated in- 
‘alations for the more moderate, continuous asthma were apt to be followed 
ly the disappearance of refractoriness to adrenalin and the clearing of 
asthma between attacks. 

In three cases in which refractoriness to adrenalin became so marked 








758 ALVAN L. BARACH 


as to result in a serious or even grave condition, the inhalation of helium- 
oxygen gas produced a striking alteration of the clinical picture. The pa- 
tients were either stuporous or comatose; the dyspnea suggested a decreased 
ventilation because it was slow and gasping; the pulse was rapid and poor 
in quality ; cyanosis was marked without oxygen; retraction signs in the neck 
muscles were less marked than in an acute attack; the lung signs showed 
thin, piping sounds with long-drawn-out respirations distinctly less noisy 
than in an acute attack. The end-state of status asthmaticus suggested a 
type of respiratory failure in which the muscles of respiration were ex- 
hausted to the point of impending cessation of activity. Although in these 
cases the severity of their condition precluded measurements of the tidal 
air, the pulmonary ventilation seemed diminished and anoxemia was present 
The inhalation of helium-oxygen gas for one to two and a half hours was 
followed by complete disappearance of asthma, both subjectively and ob- 
jectively, with return of consciousness and improvement of the pulse. In 
one case, recurrence of moderate asthma took place immediately; in the 
others, two and six hours after cessation of treatment. In these cases, the 
inhalation of helium-oxygen gas provided rest to the respiratory apparatus; 
an increased tidal air (clinically observed), and a state in which adrenalin 
was effective again in stopping bronchial spasm. The patients became 
ambulatory and were discharged from the ward. 

Acute attacks of asthma were not aborted by helium-oxygen mixtures, 
nor, although their severity was diminished during the inhalation of the 
gas, were they sufficiently relieved to displace adrenalin when this drug was 
effective. The persistence of asthma of variable extent, in those instances 
when the patient did not receive complete or lasting relief from adrenalin, 
was the indication for the employment of helium-oxygen mixtures. 

In the first patient, more or less continuous asthma dominated the clinical 
picture without, however, going over into a severe status asthmaticus 
Graphic records during continuous asthma showed a marked increase in 
pulmonary ventilation, which was decreased when helium-oxygen gas was 
breathed. Furthermore, the ventilation was reduced, even when only 15 
per cent oxygen was inspired in the helium mixture. An interpretation of 
this clinically observed fact, that the inhalation of the lighter helium-oxygen 
mixture diminished the need for an increased pulmonary ventilation, leads 
to the suggestion that the primary cause for the sensation of air-hunger in 
this type of asthma is neither the presence of anoxemia nor CO, excess but 
rather an interference with the habitual rate of filling and emptying the 
lungs. The increased effort required to obtain the normal velocity of ait 
delivered to and from the lungs appears to give the sensation of dyspnea 
and represents an equilibrium that functions to a degree independently of 
the respiratory gaseous exchange. Davies, Haldane and Priestley *’ first 
carefully studied the respiratory response to resistance, and recognized that 
interference with the normal stimulation of the Hering-Breuer reflex 
initiated the feeling of air-hunger. 
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Obviously, the maintenance of a sufficient oxygen saturation of the 
blood and an adequate removal of CO, are basic impulses that determine 
respiration in health and disease, but in the patient with asthma in whom 
three to four times his normal ventilation is provided during the period of 
bronchial spasm, these basic factors are not the initial cause of the sensation 
f dyspnea. In the first place, inhalation of pure oxygen removed the 
yanosis without affecting the dyspnea. Secondly, inhalation of 15 per cent 
xygen, which slightly increased the cyanosis, afforded relief when it was 
mixed with helium instead of nitrogen. That anoxemia is not the main 
cause Of this type of dyspnea was evident also in the case of laryngeal 
obstruction that had an increased pulmonary ventilation. The feeling of 
air-hunger was relieved when the concentration of oxygen was 24 per cent, 


provided it was administered with helium instead of nitrogen. That CO 
excess is not the cause of the increased ventilation may be reasonably inferred 


from the fact that CO, is 25 times as diffusible as oxygen (in water) and 
that the pulmonary epithelium shows no inability to eliminate CO, in high 
concentrations if the needs of the body for oxygen are met. Richards and 
the author ** have shown that CO, may be eliminated from passively con- 
gested, fibrotic or tuberculous lungs at a tension two or more times the usual 
concentration if the patient is provided with an adequate oxygen supply.* 
Meakins ** has reported tensions of CO, in the arterial blood of asthma 
patients which may be normal, lowered or elevated, depending on the type 
of asthmatic seizure. During periods of increased ventilation, the CO, is 
liminished. 

The onset of air-hunger in patients with asthma and obstructive lesions 
in the larynx is, therefore, in part a reaction to an interference with the nor- 
mal rate of filling and emptying the lungs. The sensation of the volume of 
air delivered to the lungs per breath is presumably interpreted through the 
Hering-Breuer reflex arc, which is operative in stimulating and terminating 
normal inspiration. The existence of an equilibrium designed to maintain 
an entrance into the lungs of an accustomed volume of air at an accustomed 
velocity is of considerable importance to recognize, for it appears to be re 
sponsible to a large extent for the strenuous efforts which the patient with 
asthma exerts in the attempt to maintain it. That a purely physical sensa 
tion of an adequate inlet of air into the lungs, separate from other chemical 
equilibria, is an essential factor in obstructive dyspnea is additionally con- 
firmed by the exhaustion which the asthma patient develops by carrying on a 
pulmonary ventilation three to four times the normal for him, and by his 
response to the inhalation of a lighter gas of the same oxygen concentration. 
In the first case reported, the patient breathed an 80 per cent he lium-20 per 
cent oxygen mixture during a period of continuous asthma and within two 
minutes showed a fall in pulmonary ventilation, relief of dyspnea and onset 


* Calculations of L oewy and Zuntz have indicated that 1 mm. O, pressure difference suit 
fices for the ae of 250 c.c. of O, per minute and 40 times this quantity of CO,,. NS aren 
'rom Wiccers, C.: The physiology of health and disease, 1934, Lea and Febiger, Phi 
phia. ) 
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of sleep. When 100 per cent oxygen was then substituted for the helium- 
oxygen mixture, dyspnea and increased ventilation recurred. 

That mixtures of oxygen and helium, when inhaled through the bronchial 
tree, may result in a swifter diffusion of oxygen through the pulmonary 
epithelium, and that the relief experienced by the patient may be due to the 
satisfaction of his oxygen-want must be considered. Undoubtedly, the light- 
ness of the gas makes it possible for the oxygen molecule in the presence of a 
high concentration of helium to travel at a high velocity, with less pressure 
in the pulmonary air-way; therefore, more oxygen (as well as helium) 
molecules at the start of inspiration will travel through the small bronchioles 
into the alveoli than when air is breathed. The lessened pulmonary ventila- 
tion and air-hunger may conceivably be in part dependent on better oxygena- 
tion. That this is not the predominant causal factor in the relief experienced 
is shown by the fact that under certain circumstances 85 per cent helium and 
15 per cent oxygen will result in an alleviation of dyspnea, even though there 
can be observed a slight increase in cyanosis. A prolonged administration 
of 15 per cent oxygen with helium would be regarded unfavorably as the 
known consequences of anoxemia would ultimately aggravate the condition, 
but at the onset of treatment it has appeared useful at times to start with this 
mixture, because a greater relief was felt by the patient. Later the oxygen 
is increased to a 20 per cent concentration. 

Additional evidence for the existence of this kind of equilibrium is easily 
obtained by having a normal individual breathe through an orifice 1% of an 
inch in diameter. The sensation of air-hunger is quickly produced even 
with an intact respiratory apparatus, without the production of anoxemia 
or CO, accumulation; the inhalation of 15 per cent oxygen and 85 per cent 
helium, despite the production of a slight anoxemia, results in an immediate 
diminution of the sensation of air-hunger. This response can safely be 
ascribed to the swifter and easier movement in and out of the lungs of the 
lighter gas. 

In the infant with obstruction in the trachea, the respiratory rate in air 
was 40 per minute and the clinical signs of respiratory obstruction were evi- 
dent. When the helium-oxygen mixture was inhaled in the tent, the rate 
fell to 20 per minute, with marked relief of dyspnea.* That the presence 
or absence of anoxemia is also involved as a basic factor was revealed by the 
behavior of this infant as well as by that of the infant with laryngeal edema. 
In both instances, a greater degree of comfort was produced when the 
oxygen was raised slightly above 21 per cent, in one case to 24 or 25 pet 
cent oxygen and in the other to 28 to 30 per cent oxygen. However, when 
the oxygen concentration was further increased, dyspnea of the obstructive 
type recurred. An instructive occurrence was the behavior of the child 
with tracheal obstruction after the development of pneumothorax. The 
degree of anoxemia produced by involvement of both lungs was so severe 
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_ .* This sequence was vividly revealed by motion pictures taken with the infant 1 
of the tent. 
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as to require for 16 hours the inhalation of 90 to 100 per cent oxygen to 
obtain relief from dyspnea. That these high concentrations when con 
tinued over long periods are accompanied by the danger of pulmonary ir- 
ritation has been commented upon but it is of importance to recognize their 
possible value in such emergencies as arose in this case. Withdrawal of air 
from the pleural cavity was of great and immediate benefit. An additional 
manifestation of the relief of dyspnea by the purely physical function of 
helium, independent of any chemical factor such as anoxemia or CO, excess, 
was shown by the following record of a man with paroxysmal cardiac 
dyspnea. For our present purpose, it is unnecessary to re view in detail his 
dinical history. He was a man of 60 years, with pulmonary emphysema, 
chronic nephritis and myocardial fibrosis. His chief complaint was sudden, 
severe dyspnea which came on in attacks generally at night. Inspection of 
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‘HART 5. Patient in severe Cheyne-Stokes dyspnea. Increased tidal volume during in- 


halation of helium-oxygen mixture with decrease in sensation of air-hunger. 
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these attacks revealed periodic respiration with a dyspneic phase of unusual 
severity. In the accompanying chart (chart 5), the graph of his pulmonary 
ventilation shows the very markedly increased tidal air (800 ¢.c.) which he 
breathed at the height of dyspnea. The patient could barely retain the 
mouthpiece because of the urgent sensation of air-hunger. When 100 per 
cent oxygen was inhaled, his breathing became regular, with immediate 
relief of dyspnea, which illustrates the chemical factor in the causation of 
this type of cardiac dyspnea. 

When the patient inhaled a mixture of 80 per cent helium and 20 per cent 
oxygen, the dyspneic periods were characterized by an even greater tidal air 
(up to 940 c.c.) than when he was breathing air and the apneic periods were 
increased (chart 5). His sensation of air-hunger was diminished, notwith- 
standing the relatively great respiratory excursion, due to the ease with 
which these large volumes of light gas entered and left the lungs.* During 
quiet breathing, no difference can be detected between the inhalation of air 
and helium-oxygen mixtures. When excessive volumes of air are brought 
into the chest, muscular effort is appreciable and under these circumstances 
the lighter gas mixtures require less effort on the part of the respiratory 
musculature, with a resulting decrease in the sensation of air-hunger. The 
consciousness of dyspnea is thus in part dependent on the nerve pathways 
which connect the muscles utilized in ventilating the lungs with the brain. 
Dyspnea is relieved, when the effort made by these muscles can be decreased, 
either (1) by supplying a lighter respirable gas which physically decreases 
the amount of work done, or (2) by chemically reducing the amount of 
ventilatory work necessary, such as by decreasing the total oxygen con- 


sumption or by providing an increased oxygen concentration in the inhaled 


air. 

The interpretation of the dyspneic state requires an understanding of all 
the influences that bring it about. Harrison,** in discussing the dyspnea pro- 
voked by mild exertion in cardiac states, says that it is not related to the blood 
gases, the blood flow or the pH of the blood but is caused by disturbances in 
the proprioceptive reflexes arising in the lung. He emphasizes the factor oi 
lung stiffening and lowered vital capacity. There appears to be little doubt 
that the sensation of dyspnea is experienced within the brain as a conse- 
quence of impulses sent along nerve pathways from the lungs and respiratory 
musculature ; however, the evolution of the dyspneic state in a patient with 
congestive heart failure or with paroxysmal dyspnea is profoundly concerned 
with the blood gases, oxygen and carbon dioxide, the blood flow and the pl! 
of the blood. ‘The increased pulmonary ventilation, which is a constant phe- 
nomenon in the dyspnea of heart disease, may be diminished in a number 0! 
ways, for example, by lowering the total oxygen consumption by thyroid 
ablation *° or by inhaling oxygen-enriched atmospheres. The moment pul- 

* The longer periods of apnea present when helium-oxygen gas was breathed was prob- 


ably due to the excessive washing out of CO, which the large tidal air volumes accomp!ishe 
as well as maximal saturation of the hemoglobin in the arterial blood. 
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monary ventilation is reduced, the sensation of dyspnea is reduced. Since 
the basic purpose of ventilating the lungs is to provide oxygen to the arterial 
blood and the tissues, eliminating carbon dioxide at the same time, the basic 
cause Of the dyspneic state must be sought for in a disturbance in this 


equilibrium, which does involve the blood gases, the blood flow and the pH 


of the tissues.* Richards and the author '** have repeatedly observed the 
dyspnea of heart failure relieved by the inhalation of 50 per cent oxygen, 
accompanied by a decrease in pulmonary ventilation, a slower pulse rate, an 
increased arterial oxygen saturation and an elevated arterial CO, content. 
lhe lowered oxygen tension in the blood or tissues admittedly does not itself 
arouse the sensation of air-hunger, but it is responsible, together with the 
necessity of maintaining a suitable pH equilibrium, for much of the increase 
in pulmonary ventilation which characterizes the dyspnea of cardiac failure. 
ltis this increase in pulmonary ventilation in the presence of disabled lungs 
that stimulates the proprioceptive reflexes referred to. It has appeared 
necessary to us to limit the significance of the nervous reflex cause of dyspnea 
inheart disease in order to make clear its special importance in the experience 
f air-hunger in asthma and obstructive conditions in the respiratory tubal 
system. 


SUMMARY 


The specific gravity of helium being one-seventh that of nitrogen, a 
mxture of 80 per cent helium and 20 per cent oxygen has one-third the 
weight of a comparable volume of air. Since the pressure required to move 
n object is in general proportional to its weight, it was assumed that a 
latively light respirable gas could be breathed with less effort in clinical 
wnditions in which difficulty in ventilating the lungs was present 

In four patients with severe asthma, inhalation of helium-oxygen mix- 
lures appeared to be of considerable benefit. When continuous asthma was 
resent, subjective and objective relief were obtained. In three patients, 
iserious or grave state of status asthmaticus and refractoriness to adrenalin 
itte removed by inhalation of helium-oxygen mixtures. The acute attack 
{asthma was not aborted, and the relief obtained by inhalation of various 
mixtures of helium and oxygen was not sufficient to replace adrenalin when 
this drug was effective. The special value of helium-oxygen mixtures is 

the treatment of asthma persisting after adrenalin and in status asth- 
naticus. 

Graphic records of the quantitative and qualitative changes in pul 
nonary ventilation revealed the following consequences of inhalation of 

*The argument that the patient with congenital heart disease may have a low arterial 
aturation without dyspnea does not take into account the admitted acclimatization mechanism 


iereby individuals superficially adapt themselves to oxygen-want lhe comparison may 


*made with the effect of morphine in addicts, in which large doses may not provoke sleep; 
larly, large doses in unacclimatized individuals not only produce sleep but may indeed 
‘tatal. In both instances, the compensatory adjustments that develop are inadequate t 
Motect the individual. The point involved is that acute oxygen-want acts as a chemical 
tmulus to breathing, perhaps largely through the carotid sinus reflex, and as such is fre 


1 factor in increasing the pulmonary ventilation of the dyspneic patient 
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helium-oxygen mixtures on a patient with continuous asthma: (1) decrease 
in pulmonary ventilation; (2) decrease in pulmonary pressure; (3) relative 
and absolute diminution in the length of expiration; and (4) increased rest 
period between respiratory cycles. The decreased pulmonary pressure and 
the swifter flow of gas during the early phase of expiration would appear 
to lessen the likelihood of alveolar distention and emphysema in patients who 
have much continuous asthma. 

Severe obstructive dyspnea in two infants, one with laryngeal and the 
other with tracheal obstruction, was relieved by inhalation of helium-oxyger 
mixtures. In one of these cases, the infant was comfortable in a helium- 
oxygen tent for eight days, but the congenital nature of the obstruction was 
such as to require tracheotomy ultimately. In conditions of laryngeal or 
tracheal obstruction in which there is a possibility of the obstruction clear- 
ing up, the inhalation of helium-oxygen atmospheres may be useful by pro- 
viding relief from a severe form of air-hunger and its consequent fatigue of 














the respiratory musculature. 

The relief of dyspnea in patients suffering from various type of respi- 
ratory obstruction during the inhalation of helium-oxygen mixtures mad 
evident the importance of an accustomed volume flow of gas to and from th 
lungs. This special equilibrium, i.e., the maintenance of a certain required 
pulmonary air flow, is regulated by proprioceptive reflexes from the lungs 
and the respiratory musculature. Disturbance in this equilibrium is the 
primary cause of the sensation of air hunger in this type of dyspnea; anox- 











emia may occur in severe cases as a secondary complicating factor. 
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SYMPTOMATIC PSYCHOSES IN PERNICIOUS 
ANEMIA * 


By Paut Wo. Prev, M.D., and Artuur J. Geicer, M.D., 
New Haven, Connecticut 


ALTHOUGH it has been recognized for many years that mental disturb- 
ances are frequently seen in association with pernicious anemia, the inclu- 
sion of organic psychoses among the important manifestations of the disease 
is rarely emphasized and seems insufficiently appreciated. Some of the 
‘arly authors, among them Barrett’ and Lurie,” stressed the fact that 
certain of the psychoses seen in pernicious anemia should be grouped with 
the organic mental illnesses rather than with the functional or psychogenic 
psychoses. Warburg and Jorgensen,* in a comprehensive discussion of the 
subject in 1928, came to the same conclusion. Only one recent writer, 
Hackfield,* considered that none of the psychoses seen in pernicious anemia 
were causally related to the physical disease. 

The problem of psychoses accompanying pernicious anemia has ap- 
parently not been entirely ignored, but the careful differentiation of thos 
psychoses which are an integral part of the organic disease from those which 
are merely coincidental has not received its due consideration. Mam 
writers, including Smith,’ Smithburn and Zerfas,° Ahrens,’ Grinker,* and 
Goldhamer and collaborators,’ have omitted any discussion of the psych 
atric differential diagnosis entirely, and they have either merely enumerated 
the various mental symptoms observed, or they have grouped all the psychi 
atric disturbances under the general heading of ‘“ cerebral” or * psychic” 
symptoms. 

The designation of symptomatic psychosis naturally implies an under- 
lying physical disease, and such a psychosis is regarded as dependent upon 
an organic disturbance of cerebral function. The diagnosis of sympto- 
matic psychosis is seldom difficult if its cardinal features are kept in mind 
Kahn,’® in a recent discussion of psychoses accompanying physical diseas¢ 
restated that a disturbance of consciousness is the distinguishing feature of 


the psychiatric syndrome which has variously been termed symptomati 
psychosis, toxic psychosis, delirium, or acute organic psychosis. The author 
discussed the complex clinical picture in some detail and pointed out how 
the primary disturbance of consciousness leads to confusion, disorientation, 
and defects in perception, registration and memory. The patient experienc 
ing the disordered state of cerebral function may become irritable, depressed. 
delusional, or excited. It is emphasized that the disturbance of conscious- 
ness, manifested clinically in diverse ways, is the pathognomonic featur 
* Received for publication August 30, 1935. 
From the Departments of Psychiatry and Internal Medicine, Yale University School 0! 
Medicine, New Haven, Connecticut. 
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It is not improbable that the symptomatic psychoses arising in pernicious 
anemia have been insufficiently recognized because, on the one hand, few 
internists have applied the established diagnostic criteria of psychiatry to 
the mental symptoms they have observed and, on the other hand, the psy- 
chiatrists have too often inadequately identified and described the associated 
anemia. 

We wish to report three recently studied cases of classical Addisonian 
pernicious anemia personally observed by us in which the psychoses seem 
clearly to bear a symptomatic relationship to the deficiency disease 


Case R 


Case 1. History: C. C., a white American spinster, aged 50, was admitted to 
the Psychiatric Clinic on July 8, 1933 with a referring diagnosis of tabo-paresis, made 
by a neuro-psychiatrist in private practice. 

lhe ancestral stock, Irish and German, was made up of typically pyknic and 
extroverted individuals. The family had been remarkably long lived. The patient's 
father had been a heavy drinker and subject to wide swings of mood. He had been 
excessively irritable and had entertained unfounded suspicions and jealousies con 
cerning his wife. One of the patient’s sisters was moderately addicted to alcohol, 
ind another was an inhibited * old-maidish ” person third sister, aged 48, had been 
ina state hospital for the past 13 years with a diagnosis of psychosis with constitu 
tional psychopathic inferiority 

The family had always been poor and had li nuch within itself as a fairly 
harmonious group. Outside, religious, social or | inter were few 

lhe patient had been headstrong as a child and had left school at her own volition 
it the age of 12 in order to go to work. She had always been intellectually sluggish 
and disinterested, was deficient in common sense and dexterity, and displayed but 
little energy in her work and activities. She cultivated female friendships readily, 
but they were always shallow. Her family regarded her as a simple, submissive, and 
childish person. Although she manifested-minor periodic mood swings, she was not 
given to brooding, exhibited no extraordinary emotional outbursts, expressed no 
leelings of inferiority or anxiety, and voiced no delusions or hallucinations. At 46 
she passed through the menopause without any obvious physical or mental disturbances 

lhe present illness developed insidiously During the year previous to admission 
the patient complained frequently of increasing fatigability Progressive weakness 
ultimately rendered her incapable of assisting with housework, and eventually she 
could not walk the few blocks to attend church She became forgetful, irritable, and 
nervou Awkwardness in walking troubled her, and she was apt to fall if she 
stooped over, although no spasticity was observed An exacerbation of all her symp 


toms tollowed the emotional disturbance occasioned by the sudden death of a brother 
three months before admission, and subsequently she became an invalid and made 
ttle attempt to help herself. The mental symptoms likewise progressed during the 
firee months preceding admission. There was no weeping or obvious emotional 


I 


lepression, but she would sit staring ahead silently for long periods of time and seemed 
hought her confused No hal 


of thinking clearly. At times her family t 


ucinations or delusions were expressed. For a few days before admission she was 


neontinent of urine and feces, and complained of pain in her feet 

During the year of illness the patient had lost 25 pounds in weight, although he: 
‘ppetite had continued good. There had been no complaint of glossitis, stomatitis, 
. 


astrointestinal disturbances, and no pains or paresthesias in the extremities 
had there been dyspnea or palpitation. 
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Physical Examination: The patient was poorly nourished, the skin had an icteric 
tint, and the mucosae were slightly pale. The pupils reacted normally to light and on 
accommodation. There was only slight papillary atrophy at the tongue margins, 
The teeth were unclean and extensively carious. The heart, lungs and abdomen were 
normal; neither liver nor spleen was felt. Neurological examination revealed slug- 
gish superficial abdominal reflexes, questionable extensor responses on plantar stimu- 
lation, and absence of knee and ankle jerks. The deep tendon reflexes in the arms 
were normal, and the cranial nerves were intact. Sensory and cerebellar functions 
could not be tested because of lack of codperation. The vital signs were normal; the 
blood pressure was 110 systolic and 85 diastolic. 

Laboratory Findings: The red blood cells numbered 3,200,000 per cubic milli- 
The white cell count 









meter, and the hemoglobin was 10.9 grams (70 per cent Sahli). 
was 10,500, with 85 per cent polymorphonuclear cells. There was marked anisocytosis 
and poikilocytosis of the red cells, with a notable excess of macrocytes. Actual 
measurement of 300 red cells after the method of Price-Jones, indicated a mean 
diameter of 9.5 micra, with a range of cell diameters between 4 and 13 micra 
Platelets did not seem diminished in numbers in the blood smear. Gastric analysis 
showed no free hydrochloric acid even after the injection of 1 mg. of histamine. The 





































stools were normal on several examinations, showing neither macroscopic nor occult . 
blood, and giving no evidence of parasites or ova. The urine was normal. Complete 
fluoroscopic examination of the gastrointestinal tract disclosed no organic pathologic ; 
lesion. The blood Kahn test was negative, and the non-protein nitrogen was 58 
milligrams per cent. Examination of the cerebrospinal fluid was negative. y 
Mental Status: On admission the patient lay quietly in bed. No abnormalities . 
of the motor status were noticeable. Speech was normal at the sensorimotor level | 
She was apparently confused. From time to time she asked the nurse for a bed par 
but when it was brought she acted as if she did not know that it was there and ap- ct 
peared bewildered when questioned about it. She talked in a rather childish, colorless th 
way. She was correctly oriented for place and person, but disoriented for time Ne 
When asked what month it was, she said, “ June, ain’t it? I can’t think what month It 
anyhow.” The stream of speech was slow, but showed no intrinsic peculiarity. Her or 
content of thought was poorly verbalized, but no delusions or hallucinations were ex- gh 
pressed. Her attention was poor and fluctuated, but distractibility was not note- ch 
worthy. Her emotional tone was flat and colorless, although depression was not ple 
manifest. During the physical examination, however, she rolled around, groaned 
and acted in a negativistic fashion. Memory was difficult to evaluate. When tol ph. 
the fox and grape fable, she could remember only that it was a story about some bee 
grapes. She refused to attempt the test for three minute retention. When asked th obt 
capital of Connecticut she said: ‘“‘ New Haven; I forget; I knew but I forgot again.” Th 
In doing simple calculations, depression of memory was apparent, and it would take hac 
her some little time to arrive at the correct answer, but she seldom made any actual end 
mistakes. Her general level of intelligence seemed dull, but this factor apparent) 
did not account for her failures in tests of general information and memory. She few 
had no insight into the nature of her illness. Sex 
On the basis of the physical examination, mental status, and laboratory findings wer 
a diagnosis of pernicious anemia with symptomatic psychosis was made. Sa 
Since she refused to eat voluntarily, the patient was fed by stomach tube. Thi 
diet, high in calories, contained 300 grams of raw liver pulp daily, and included orange J deve 
and tomato juice, cod liver oil, and brewer’s yeast. In addition, 3 c.c. of Lederle’ & this 
concentrated intra-muscular extract were administered twice weekly during the firs J of \ 
month. gasti 
Although the characteristic response of reticulocytes to specific treatment was no! J been 
observed, due probably to a complicating bronchopneumonia during the first week 0! JJ tney 






treatment, a persistent reticulocytosis of 3 to 5 per cent was accompanied by a eradua alwa 
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increase in the red blood cells, until at the end of five weeks the count was 4,200,000 
and the hemoglobin 85 per cent ( Sahli). 

he mental and physical symptoms also improved steadily, and after 18 days on 
the gavage régime the patient began to take food voluntarily. The incontinence of 
urine and feces lasted only another week. At first she was frequently completely 
disoriented for time and place. She named not only the month but the year incor 
rectly, and she knew neither what sort of building she was in nor where it was 
When questioned insistently concerning orientation, she seemed quite confused. On 
one occasion when told to eat her liver, since it was good for her, she thought the 
physician meant that she should eat her own liver, and she appeared frightened. This 
disorientation and confusion, however, cleared up after several weeks. Her emo 
tional attitude, which in the beginning was childish, demanding, irritable, and un 
cooperative, improved until she began to take pride in her returning strength and 
diminished irritability. Massage and exercise were frequently employed. At the 
onset it was necessary to urge her to undertake voluntary movement, but once she 
overcame her timidity, she exercised gleefully about the ward. The disturbances in 
memory likewise improved, although she never clearly recalled details of her first 
two weeks in the hospital. She was discharged October 14, 1933. At that time 
orientation was correct, and there was no confusion. She seemed a little stupid and 
still was afraid of blood tests, etc., and was obviously dependent on her sister’s judg 
ment. The knee jerks were normal, but she would not relax sufficiently to permit 
testing her ankle reflexes. Vibratory sense was absent below the iliac crests Posi 


tion sense also was greatly impaired in the feet and slightly diminished in the hands 


The red blood count on dismissal was 4,400,000 with 90 per cent hemoglobin ( Sahli ) 


Follow-Up: Under treatment with parenteral and oral liver general improvement 
continued during the next three months. Contact with the patient was lost during 
the year 1934, and when she was again seen early in 1935 it was reported that she 
had remained mentally and physically well. This was particularly interesting when 
it was learned that treatment had been changed to oral liver extract, 25 grams daily, 
on which the blood count had declined to 3,000,000 red cells and 50 per cent hemo 
globin (Sahli). General physical, neurological, and mental examination revealed no 
changes since discharge from the hospital. Under more intensive liver therapy, sup 
plemented with iron, the blood picture was again restored toward normal 
> 2. History: M. T., a 50 year old Irish housewife, was sent by her family 
physician to the Psychiatric Clinic on November 17, 1934 because she had recently 
been expressing delusional ideas. Little information about the family history was 


obtainable, but an older sister was said to have died of pernicious anemia in 1923 


The patient’s husband and two adult daughters were entirely well. Her first child 
had died shortly after a difficult delivery; her fourth and last pregnancy, in 1916, had 
ended in a stillbirth. 

(he patient’s personality was described as energetic and introverted. She made 


few friends, but these friends were very close to het No mood swings had occurred 
sexual adaptation was normal. Details regarding the personality and general history 
were difficult to obtain because of the low intelligence of the informants. The family 
as a whole was ignorant and suspicious. 

The patient’s health had been excellent until the age of 34, when a diarrhea 
developed insidiously and continued intermittently for seven years. No details of 
this illness were recalled other than that there was an associated weakness and loss 
ol weight. Recovery occurred spontaneously, and there had been no subsequent 
sastrointestinal symptoms. In recent years many abscessed and carious teeth had 
een extracted, and ultimately complete artificial dentures had been procured. An 
uneventful menopause occurred at the age of 45. The patient’s dietetic habits had 
always been reasonable and moderate; she did not use alcohol. In the past three 
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years she had complained frequently of palpitation, but there had never been any 
cyanosis, peripheral edema, persistent cough, or unusual dyspnea. 

During the early summer, about five months before admission, the patient de- 
veloped an inordinate appetite for bananas, and she would often eat half a dozen in 
succession, without neglecting her usual diet. Her weight rose within a few weeks 
from her customary level of 115 pounds to 136 pounds. In spite of this apparent 
physical well-being, a personality change characterized by increasing irritability and 
emotional instability was apparent to her family. She was then taken to the moun 
tains for a change of surroundings with the hope of averting a “ nervous breakdown.” 
While on vacation she began to lose weight and strength, and on returning home ir 
September she looked tired and worn, and she weighed only 102 pounds. 

About a month before admission she began to give evidence of outspoken mental 
abnormality. She accused her husband of having stolen one hundred and _ thirty 
dollars. When he denied it, she accused her niece of having taken the money and als 
ordered this girl, who was single, to leave the house because the patient thought she 
was pregnant. Furthermore, she accused her husband of being the father of the 
niece’s illegitimate child, and of having a number of other clandestine affairs as well 
She wept and cried a great deal. She insisted that her husband sleep in another room 







































and when he did, she was much upset and told him not to desert her. She slept ;, 
poorly. She also accused her husband of having attempted to poison her food. Her 
family physician advised that she be sent to a psychiatric hospital. 
Both the patient and her family denied that she had ever suffered soreness of the . 
mouth or tongue, pain on swallowing, or indigestion or abdominal distress of ar t 
sort. Except for the diarrheal episode mentioned, the bowel function had always beet . 
considered normal. There was no recollection of distal paresthesias or tenderness ot I 
pains in the I.mbs, and no awkwardness of the hands or disturbances of sensation o . 
gait. Nor had anyone detected any change in the patient’s complexion. 5 
Physical examination disclosed a scrawny, sallow-complexioned woman of : 
pyknic physique with a sad expression and a tired demeanor. Although there was . 
only moderate graying of the hair, she looked much older than her alleged 50 years is 
Her loose, dry skin had a lemon-yellow pallor, except for the soles and palms whicl ” 
were red. A profusion of telangiectases were scattered over the entire trunk, but 
none were found on the visible mucosae. Only moderate pallor was noted of the lips ’ 
and nail beds. The sclerae were muddy, the irides blue-gray in color, and the lenses - 
were slightly clouded. The teeth were replaced by well-fitting upper and lowe! Py 
dentures. The beefy red and deeply furrowed tongue looked abnormally large, a! ‘i 
its edges and tip were atrophic; there were no ulcers, and the organ was not tender a 
The abdomen was normal, and neither liver nor spleen was felt. Muscle power 1! fifi 
the extremities was moderately impaired. Complete neurological examination yielde wit 
nothing abnormal except serious impairment of vibration and position sense from th - 
iliac crests distally. The vital signs were normal, with a blood pressure of 135 hac 
systolic and 95 diastolic. ren 
Laboratory Studies: The red blood cell count on admission was 2,670,000 wit! {pp 
10.9 grams of hemoglobin (70 per cent Sahli). The white cells numbered 6,700 pe wei 
cubic millimeter, of which 62 per cent were polymorphonuclear leukocytes and 30 pe! 
cent were lymphocytes. In the stained smear the red cells exhibited unusual varl seve 
tions in size and shape, with a definite predominance of very large, oval cells rhe con 
Price-Jones curve showed a mean red cell diameter of 8.74 micra, with a dispersie! alth 
of cell diameters between 5 and 12 micra. The color index was computed to be 14 phy: 
Platelets seemed diminished in numbers in the smear. The reticulocytes remaie ITO} 
below 1 per cent for more than a week before effective specific therapy was institute? She 
By this time the red cell count had declined to 2,300,000. The color index was ™ and 
1.65. Since the Van Allen hematocrit indicated 24.5 c.c. of cells per 100 c.c. bloo sicia 
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the volume index was computed at 1.24, and the saturation index 1.3 (Osgood- 
Haskins ). 

[he urine gave a positive test for urobilin with Schlesinger’s reagent on each 
of two analyses, but was otherwise normal. The stools were normal on several 
examinations. Gastric analysis revealed hyposecretion and absence of free hydro 
chloric acid even after the stimulation of ingested alcohol and injected histamine 
Roentgenographic examination of the gastrointestinal tract indicated moderate dilata 
tion and slight stasis in the first part of the duodenum, with a very questionable con 
striction in the descending loop. The Kahn test of the blood was negative, the 
icteric index was 7.0 and the non-protein nitrogen was 26 mg. per cent. The cerebro 


spinal fluid was normal in pressure, contained no cells, gave a negative test for 
globulin, and the Wassermann and colloidal benzoin reactions were negative 


Mental Status: On admission the patient was correctly oriented in all three 
spheres, and consciousness was clear. The next day, however, she stated repeatedly 
that it was 1932, and that she was in a private hom Speech was normal at the 
sensori-motor level, and the general motor status was not remarkable. She seemed 
somewhat sluggish, but no retardation of thinking present The stream of 
speech contained no intrinsic abnormalities. Attention and distractibility were within 
normal limits. There was an obvious, but loosely integrated paranoid trend. She 
said her husband was trying to kill her, that he had stolen money, and that he had 
done many cruel things to her at home. She believed that her food had been poisoned 
at home, and that “ dope” was being put in it at the hospital. She thought the doc 
tors were trying to kill her by draining her excessively of blood in doing blood counts 
She was suspicious of every diagnostic test. She had no insight whatever into thy 
fact that she was ill. She said there was no reason for her to be in the hospital, that 
all she needed was fresh air and that she had no anemia. Her emotional attitude was 
gloomy and pessimistic. At times brief weeping was observed. Her intelligence 
was rather dull as estimated from her grasp of general informatio She would not 
cooperate in formal tests of calculation, and it was difficult to te her memory tot 
he same reason. No impairment of recen 
versation, but she did not recall events in the remote past very accurately 

On the basis of the physical examination, laborat findings, and mental sta 
a diagnosis was made of pernicious anemia with sym latic psychosis 

Course in Hospital: During the first two weeks of hospitalization the patient 
ran an elevation of temperature of one-half deg tor which no cause was dis 
covered, and the red cell count fell to 2,300,000. Effective therapy was then instituted, 
and the patient received daily intramuscular injections of .c. of extract derived 
from 10 grams of hog liver. A typical, pronounced reticul shower began on the 
hith day of treatment, reached its maximum on the seventh day, and was followed 


17 


within 10 days by an increase in the red blood cel ot YOU,000 per cubic millimeter 


l 
and a rise of 12 per cent in hemoglobin ( Sahli) Four weeks later the red cell count 
had reached 4,100,000 and the hemoglobin was 90 per cent Concomitant with this 


remission in the blood, the patient’s general appearance improved, the glossitis dis 
appeared, she ate better, and her strength increased, although there was no gain in 
weight 

Disorientation was never observed after the first week in the hospital. On 
several occasions during the first week of hospitalization brief periods of nocturnal 
confusion were observed, during which she wandered about looking for the bathroom. 
although she had used it on many occasions. In spite of the improvement in her 
physical condition and the disappearance of the mental organic symptoms, no im 
provement occurred in her delusional trend. She continued to be highly suspicious 
She accused the nurses of sticking pins in her, said the physicians were poisoning her, 
ind implied that the liver extract given her was dope. She would hide when phy 
‘itians came on the ward, and was always apprehensive at night when the physician 














772 PAUL WM. PREU AND ARTHUR J. GEIGER 








and nurse entered her room while making rounds. She repeatedly said that cars 
passing by the hospital contained enemies. She claimed once that the nurses had 
phoned for a hearse to take her away. At no time, however, did she develop a sys- 
tematized delusional trend. She was removed from the hospital against advice on 
January 5, 1935, seven weeks after admission, to continue under the care of her 
family physician. 

Follow-Up: Ten weeks after discharge the patient was visited in her home. At 
that time her mental status was entirely normal, and apparently she had been suf- 
ficiently well to resume her usual household duties and responsibilities. She recalled 
the details of her hospitalization and said that her attitude had been foolish and 












unjustified. 

It was learned that the patient had neglected all treatment for about six weeks 
after returning home, but at the insistence of her family she had, in the past month, 
returned to her physician and was receiving intramuscular injections of liver twice 
weekly. Shortly after this resumption of treatment her paranoid ideas and appre- 
hensive attitude suddenly vanished. In spite of the lapse in treatment the patient had 
no complaints, she looked well, there was no glossitis, and she appeared to have gained 
in weight. However, her red blood cells numbered only 3,700,000 and her hemoglobin 
had fallen to 76 per cent (Sahli). The blood smear revealed slight macrocytosis with 
hypochromia. Supplementary treatment by the daily oral administration of iron was 











recommended. 
Case 3. History: A. K., a 43 year old American housewife, was admitted to the 


Psychiatric Clinic on January 29, 1935 because she had developed delusional ideas 







while under treatment for pernicious anemia. 

The ancestral stock was German. The family was said to have been characteris- 
tically of sturdy body build. The patient’s mother had died at the age of 62 of an 
There was no history of nervous or mental 







illness allegedly associated with anemia. 
disease in the family. She had had four children, and they were living and well. 
The developmental history was not noteworthy. The patient had first married 
at 16, and two years later she divorced her husband presumably because he had de- 
Her second marriage, at 28, had continued entirely happy. She 








veloped gonorrhea. 
had renounced the Catholic church in remarrying. 

The pre-psychotic personality showed no striking abnormality. 
terests lay in her home and family, and she was considered a competent housewife 
friendly and pleasant. She was subject to short out-bursts of violent temper, but no 
mood swings were known to have occurred. The past medical history contained 
nothing of significance. She did not use alcohol habitually. Menstruation was still 
regular. 

About 18 months before admission she began to fatigue easily, noted palpitation, 
and complained of vertigo and dyspnea on slight exertion. Her family physician 
diagnosed pernicious anemia, and she received specific treatment irregularly from 
that time on. When her symptoms were alleviated she was prone to discom- 
tinue treatment until the complaints returned with the ensuing relapse. At noe 
time did she complain of soreness of the mouth or tongue, indigestion, abdominal 
pains, diarrhea, or distal paresthesias. Her condition took an abrupt turn for the 
worse three weeks before admission, at which time she suddenly became irritable and 
excited, and complained that people were talking about her. She maintained that the 
landlord and the neighbors upstairs were telling everybody that she had gonorrhea 
She said that her husband was conspiring against her and was planning to do away 
with her. She became very dejected, suffered severe crying spells, and worried over 
She often imagined that her sons were fighting among 
During the few days just before hospitalization 


1 






Her chief in 














what was to become of her. 


themselves and with the neighbors. 
she would repeatedly call her physician on the telephone to be reassured that she die 
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not have gonorrhea. Her condition became so disturbing that the physician finally 


recommended her admission. 

Physical Examination: There was a slight fever with a temperature of 100° F. 
by rectum. The patient was decidedly obese, weighing 170 pounds although only 62 
inches in height. She was of a definitely pyknic body build. The hair was light 
brown, the eyes blue-gray, and the skin had a characteristic lemon tint. The sclerae 
were subicteric, and the mucous membranes were pale. There was no papillary 
atrophy of the tongue, and the organ was not reddened or sore. The heart was 


normal in size; the heart sounds were normal. There was no ascites, no dilatation 
of the abdominal veins, and no other signs of portal obstruction; the liver and spleen 
were not felt. Moderate pitting edema of feet and legs extended almost to the knees 
No varicose veins were seen, and no focal tenderness, redness or swellings were 
noted. There was no lymphadenopathy. A complete neurological examination re 
vealed absent knee and ankle jerks. The plantar reflexes were normal. Vibration 
sense was found impaired from the iliac crests distally, and was completely absent at 
the malleoli. There was slight awkwardness of the hands and fingers in attempting 
fine movements. 

Laboratory Examinations: The red cell count of 1,950,000 was associated with 
78 grams of hemoglobin (50 per cent Sahli). Of the 5500 white cells per cubic 
millimeter, 69 per cent were polymorphonuclears, and 30 per cent were lymphocytes. 
Platelets appeared to be reduced in numbers in the blood smear. Marked aniso 
cytosis and po.kilocytosis with consp:cuous macrocytosis were confirmed by a Price- 
Jones curve revealing a mean red cell diameter of 8.23 micra with a dispersion of cell 
diameters between 5 and 12 micra. One normoblast and two megaloblasts were seen 
Several urine analyses were negative except for the presence of urobilin. No free 
hydrochloric acid was found on gastric analysis even after the injection of histamine 
fhe stool examination was negative. Lumbar puncture revealed normal cerebrospinal 
fluid. The blood Kahn was negative, the icteric index was 12, the total serum 
proteins were 6.10 grams per cent, and the non-protein nitrogen was 31 milligrams 
per cent. No organic lesion of the gastrointestinal tract was discovered by roent- 
genographic examination. 

Mental Status: On admissjon, orientation was correct for place but fluctuated 
for time. A few hours after admission the patient thought she had been in the 
hospital two or three days, and she could not give the day of the week correctly. 
There was no other evidence of confusion. She was sluggish and inactive, but the 
motor status showed no other abnormality. Speech was normal at the sensori-motor 
level. The stream of speech was somewhat circumstantial. Thought processes were 
moderately retarded. Repeated fits of weeping were observed. She said, “I don’t 
know why people should say things like that. Maybe I do have a disease. I don't 
know. Do you think I have?” Her delusional ideas were consistent with her de 
pressed mood. She misinterpreted voices in the corridor and believed that people 
were talking about her. Memory for recent events was poor. This was not so evi- 
dent on admission, but during her course in the hospital it was repeatedly demonstrated 
that she did not recall clearly details of events happening a few hours or days 
previously. She herself admitted that she could not think as clearly or recall things 
as readily as formerly. Her intelligence as judged by her general information 
seemed about normal. She was able to repeat fables and to recognize their signifi 
cance satisfactorily. Memory for rote material was not good. She gave wrong 
aiswers in subtracting successive 7’s without detecting the errors. She apparently 
had some insight into her condition. She knew she had pernicious anemia and that 
she wa nervously ill, but insisted that if people would stop talking about her and let 
her alone, she would get over the nervousness. She did not believe her nervous state 
had any connection with mental disease. 
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On the basis of the physical examination, laboratory findings, and mental status, 
a diagnosis was made of pernicious anemia with symptomatic psychosis. 

Course and Treatment: After a week of observation without specific treatment 
the patient was tried on an experimental parenteral liver extract for 12 days without 
Treatment was then changed to the oral administration of a com- 
On this régime the blood picture showed a gradual 








improvement. 
mercial autolyzed liver extract. 
improvement, and in 18 days the hemoglobin reached 82 per cent (Sahli) and the red 
cell count 2,910,000. This improvement was achieved in the face of a continued, 
and in the absence of the customary reticulocyte shower; 








unexplained fever of 1° F., 
the reticulocytes varied between 3 and 5 per cent throughout the period of daily ob- 
servation. ‘The psychotic manifestations showed no improvement. Depressive mood 
was at all times obvious, and the patient repeatedly expressed delusional ideas in 
keeping with the mood. At night panicky episodes would occur, during which she 
would leave her bed and wander into other patients’ rooms, telling them that some- 
She never became correctly oriented for 










thing dreadful was going to happen to her. 
time, and defective recent memory could always be demonstrated. 

During the last week in February she complained of weak spells of abrupt onset 
and short duration. On March 1 she collapsed following a momentary attack of 
weakness and vertigo, and on this occasion she described a feeling of numbness 
beginning in the feet and extending upwards into the trunk. Her face was pale, the 
lips cyanotic, and the respirations slightly labored. Although the pulse felt weak, it 
was not rapid, and the blood pressure had not fallen. The episode passed off withir 
a few minutes only to recur many times more during the following week. The 
’ at intervals for two or three years. On 














patient recalled having had similar “ fits’ 
March 10, during one of these attacks, she lost consciousness, the pulse and respira- 
£ I I 






tions ceased, and death ensued. 
Necropsy by Drs. H. M. Zimmerman and D. M. Grayzel revealed an adipose sub 
The mucosa of the stomach was smooth and 





ject with an abundance of yellow fat. 
pink, and microscopically it appeared atrophic. The large, pale liver weighed 2345 
Bone marrow taken from a 






grams; the spleen was also large and weighed 312 grams. 
vertebra and tibia showed hyperplasia and, in spite of recent liver treatment, the pre- 
dominating cells were still megaloblasts, myelocytes, and erythroblasts. The red cells 
appeared distorted; very little fat tissue was present. Striking changes in the central 
nervous system included destruction of medullary nerve fibers and a reparative gliosis 
in the posterior columns and lateral pyramidal tracts of the spinal cord, as well as a 
Definite nerve cell destruction was also aj 












degeneration of spinal ganglion cells. 
parent in the brain, especially in the frontal lobes. 
A large, organizing thrombus was situated in the left femoral vein. 





The right 





pulmonary artery was completely occluded by a friable gray-brown clot, and severa 
smaller branches of the left pulmonary artery were similarly plugged. A few 1! 






zones of infarcted tissue were found in the left lung. 









DISCUSSION 


Our three cases resembled one another in that they all showed the funda- 
The first patient seemed con- 





mental symptoms of an organic psychosis. 
fused on admission, and disorientation was observed on several occasions 
before improvement in the mental picture began. She was very easily 


fatigued, her attention was poor, and her intelligence was dull; but we did 









not feel that these features accounted for the disorientation and contusion 
Memory seemed impaired at first but gradually improved, as did the other 
organic mental symptoms, under specific treatment. 
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In the second case, although the patient was clearly oriented on admis- 
sion, disorientation for time and place was observed two days later as well 
as on several other occasions. Brief episodes of nocturnal confusion were 
observed, which we believed likewise indicated clouding of consciousness. 
Memory seemed poor but showed no striking change and was difficult to 
evaluate because of her limited intelligence. The defects in orientation and 
the episodic confusion improved under treatment. 

The third patient was found to be definitely disoriented for time on a 
number of occasions, and recent memory defects were demonstrated re 
peatedly at times when her attention and cooperation were satisfactory. No 
improvement in the symptoms occurred during two weeks of specific treat 
ment, after which her death from a pulmonary complication terminated our 
observations. 

The opinion of the psychiatric staff was unanimously in favor of a 
diagnosis of symptomatic psychosis in all three cases on the basis of the 
organic symptoms we have just discussed. It was recognized, however, 
that the content of the psychosis and the affective symptoms in each case 
could be understood only in terms of the total personality and its way of 
experiencing. 

The first patient was a middle-aged spinster of low intelligence who 
always had been childishly dependent upon her family. During her illness 
her helplessness became exaggerated. She demanded attention from thx 
nurses and constantly called upon her sisters for advice and sympathy. At 
first she refused to coOperate with treatment and even induced vomiting 
deliberately. She was timid and was afraid to try to walk after her 
strength began to return, so that it was necessary to handle her firmly, as one 


would a refractory child. [:ventually, however, she took a childish delight 


inher recovery. No affective depression ever was seen, and no hallucinations 
or delusions were elicited. The picture superficially resembled an extreme 
invalid reaction of the so-called neurasthenic type in a person of low in 
intelligence; but we felt that the additional confusion and disorientation 
indicated the correct diagnosis of symptomatic psychosis 

The clinical picture in the second case resembled agitated depression 
Little reliable information was obtained concerning the patient's pre 
psychotic personality, so that it was difficult to interpret the content of th 
psychosis in terms of previous experience. She manifested the extrem 
suspiciousness and vague paranoid trend described by Barrett ' in his cases. 
The organic mental symptoms improved under specific treatment, but the 
affective depression and paranoid trend did not improve, which is not su: 
prising since these symptoms really are personality manifestations and not 
organic cerebral symptoms. The paranoid depression cleared quite sud- 
denly and without any apparent reason after discharge 

The third patient was obviously depressed and expressed paranoid ideas 
in keeping with her depressed mood. The delusional content of the psy 
chosis was understandable in terms of her past experience. The disorienta 
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tion for time and memory defects were definite, however, so that we be- 
lieved that symptomatic psychosis was the correct diagnosis although the 
picture in other respects was not distinguishable from manic depressiv« 
psychosis. 

It is interesting to review briefly the relationship between the physical 
and mental disturbances in these cases. In our first case a symptomatic 
psychosis was present when the erythrocyte count was 3,200,000 per cubic 
millimeter. We did not believe that this degree of anemia was in itself 
sufficient to produce a psychosis. Furthermore, although the mental dis- 
turbance improved under treatment while the erythrocyte count was rising, 
no mental symptoms were present 18 months later when the red cell count 
had fallen to 3,500,000 per cubic millimeter due to insufficient treatment 
In the second case also the organic mental symptoms disappeared while the 
anemia was responding to treatment, and did not reappear even though th 
erythrocyte count fell from 4,100,000 to 3,700,000 when treatment was 
discontinued temporarily. he delusional trend in this case apparently was 
not affected by treatment, but as we have mentioned above, we consider 
delusions as personality manifestations and not as organic cerebral symp- 
toms. The third patient died before we were able to study the relation of 
the symptomatic psychosis to the anemia. 

It is apparent that in our cases the character and severity of the mental 
disturbances bore no consistent relationship either to the degree of anemia 
or to the extent of the neurologic manifestations. While this on first 
thought may appear implausible, it seems to us fully as admissible as the 
analogous, well-established observation that neurologic involvement varies 
quite independently of the state of the blood; subacute combined sclerosis 
sometimes appearing long before the actual development of anemia. — Gold- 
hamer et al.” on the basis of wide experience also have observed that cere- 
bral manifestations may occur either alone or in association with cord dis- 
turbance, that they may be present with or without evidence of anemia, and 
that they may present themselves as the earliest and only manifestations 0! 


pernicious anemia. 


SUMMARY OF CASES 


1. C. C., a spinster of 50, with a family history of mental disease, had 


been ill one year with insidious development of symptoms of anemia, fol- 
lowed after a few months by gait abnormality and mental disturbances 
Exacerbation of symptoms by a severe emotional upset led to physical in- 
validism and precipitated a frank psychosis with confusion, disorientation 
and memory defect; no insight. Neurological signs of advanced dorsal 
column degeneration affecting the legs, atrophic glossitis, and achlorhydria 
were found. Hyperchromic, macrocytic anemia of moderate degree te 
sponded well to liver therapy, as did the mental and neurological symptoms. 
During the ensuing two years the mental and physical improvement was 





had 
fol- 
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well maintained in spite of moderate fluctuations in the anemia due to ir- 
regular treatment. 

2. M. T., aged 50, housewife, had a family history of pernicious anemia. 
A seven year episode of diarrhea occurred in early adult life. She was 
ill five months with irritability and emotional instability followed by rapid 
decline of weight and strength, the late appearance of outspoken mental 
abnormality with paranoid delusions and fluctuating disorientation and con- 
fusion; no insight. Emaciation, glossitis, and signs of advanced dorsal 
column degeneration were associated with a moderately severe hyper- 


chromic, macrocytic anemia as well as urobilinuria and achlorhydria. Liver 


therapy evoked a typical hematopoietic response, with rapid remission of 
anemia, improvement in general well-being, and early disappearance of dis 
orientation and confusion. Paranoid ideas persisted two months longer 
and then vanished in spite of temporarily irregular and inadequate liver 
therapy. 

3. A. K., housewife of 43, had been diagnosed pernicious anemia two 
vears previously but had accepted liver therapy irregularly and inadequately, 
with resultant exacerbations and therapeutic remissions. Three weeks 
before admission she suffered abrupt onset of irritability and excitement 
with disorientation, memory impairment, depression, and delusional ideas ; 
ittle or no insight. The patient was obese, with a sub-icteric pallor, and 
pitting edema of the legs. Neurological signs indicated early dorsal column 
degeneration. Severe hyperchromic, macrocytic anemia with leukopenia 
was associated with achlorhydria and slight bilirubinemia. Incomplete 
therapeutic remission, readily induced under liver therapy, was accompanied 
by no physical or mental improvement, and was terminated by sudden death 
with pulmonary embolism. Necropsy revealed degenerative lesions of the 
brain and spinal cord, atrophy of the gastric mucosa, enlargement of the 
liver and spleen, and a megaloblastic bone marrow with hyperplasia. 


SUMMARY 


l. Three cases of pernicious anemia with symptomatic psychosis are 
described. 

2. None of the patients had shown indication of organic mental dis- 
turbance before the development of pernicious anemia. 

3. In all three cases symptoms indicating an organic disturbance of 
cerebral function were observed. 

4. In all three patients additional symptoms occurred which were related 
0 previous experience and ways of reacting to the environment rather than 
0 organic cerebral disturbance. 

5. Two of the patients were obviously depressed and paranoid. 

6. The organic mental symptoms responded to specific treatment in two 
cases. The third patient died of pulmonary embolism before adequate 
ireatment had been given. 
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7. None of the patients showed evidence of severe subacute combined 


sclerosis. 
8. There was no apparent relationship between the degree of anemia, 
the severity of the psychosis, and the extent of neurologic manifestations 
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OLEOTHORAX: CLINICAL AND EXPERIMENTAL * 
By J. N. Hayes, M.D., Saranac Lake, New York 


THERAPEUTIC pneumothorax is being used more and more in the mod- 
ern treatment of pulmonary tuberculosis. During the course of collapse 
treatment various difficulties and complications may occur. The lung may 
reexpand prematurely, especially when adhesions are present and when the 
organ is held under partial compression. On the other hand, it may be 
impossible for the lung to unfold on account of dense fibrosis in it and in 
the pleura at a time when the disease is considered healed. Loss of elas 
ticity as a result of the development of a large amount of fibrous tissue 
around a cavity may prevent its closure in spite of elevation of intrapleural 
gas pressure. A very mobile mediastinum may be bowed over toward the 
opposite side, so that increased amounts of gas introduced enlarge the 
pleural space instead of having the desired effect of permitting further col 
lapse of the lung. Tuberculous empyema may develop and persist for many 
months, leading to expansion of the lung and debilitation of the patient 
In certain patients all of these difficulties can be overcome by replacing the 
gas in the pleural cavity with oil. 

Oil is an irritant to the pleura resulting in thickening and fibrosis. Due 
to its incompressibility and its weight it maintains a better collapse than 
loes air, the latter allowing some expansion with each inspiration. How 
the presence of oil minimizes the formation of pleural exudate is in doubt, 
but it may be related to the surface tension of the oil \lthough both olive 


ol and gomenolated paraffin oil have been shown to affect the acid-fastness 


and ability of growth of tubercle bacilli in vitro,’ normally staining bacilli 
have been seen in the pleural effusions developing under oil. The benefi 
ent effect of oleothorax on tuberculous empyema may not be due to direct 
action on the bacillus but to stimulation of the reactive cells of the be Tah 
The slow absorbability of oil has certain advantages. But its irritating 
(quality and the dense shadow it casts over the shadow of the lung in the 
roentgen-ray film are occasional disadvantages. Its worst feature is the 
damage it can do to the lung when it leaks into that organ.’ 

Paraffin, or mineral, oil is used when one desires prolonged collaps« 
without the necessity of many refills. It is also employed by some to pre- 
vent the reformation of pus; others prefer vegetable oil for this purpose 
Ulive, cotton seed, corn, rape seed, and poppy oils have all been used in the 
pleural cavity. A difference of opinion exists as to whether vegetable oil 
Is less irritating than mineral oil. The latter is more stable and does not 
come hydrolyzed or rancid, a change which must be avoided when using 
035, Read at the Philadelphia meeting of the American College « hysicians, April 30, 
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vegetable oil. Virgin olive oil is more neutral than that obtained from later 
pressings of the olive. 

The conflicting views as to which is the more irritating to the pleura, 
mineral oil or olive oil, are based on both clinical and experimental observa- 
tions. Matson * and Kuss,’ for instance, find paraffin oil milder than olive 
oil in its action on the human pleura, and my own experiments on rabbits 
show no real difference in their irritative qualities. These opinions, | 
believe, differ from those held by most workers. | Some believe that the 
effect of oil is due principally to its mechanical action; some that its modus 
operandi is through irritation of the pleura, and some believe it has an ir- 
ritant action on the lung. Those who believe in its irritative effect seek a 









marked pleural reaction by giving large doses of oil at the first filling °; or, 
eschewing compressive action, use only negative intrapleural pressures, and 
recommend not filling the pleural space with oil as its weight is not necessary 
to close a pulmonary cavity.’ To complicate the problem still more there 
is the question as to whether it is better to use vegetable o1l—because it is 
absorbed into the lung more quickly and more completely than is mineral 
oil. Several experimenters have found that the lung reacts quite markedly 
to absorbed oil.£ This may be beneficial when one desires a stimulation 
of fibrosis to close a cavity, but it may exercise a deleterious effect on re- 
expansion. Regarding the effect of oil on pleural pus, Ross and Tulloch 



































would choose olive oil on the grounds that the higher the acid content the - 
greater the lethal effect on tubercle bacilli (acid value of paraffin oil zero, ™ 
of neutral olive oil 0.07 per cent). It is, therefore, evident that definitive . 
conclusions have not been reached regarding what oil to use and even. for - 
special indications, whether oil is as useful as gelatin for empyema ” or as _ 
salt solution for compression."® * 
Gomenol, an aromatic cil, is frequently added to oil when it is injected rar 
to control tuberculous empyema. Its antiseptic action is rather feeble and ™ 
some operators do not use it at all. Injected in full strength into the ur- id 
infected pleural cavity of the rabbit it causes an intense reaction and the 3 
animal dies within 24 hours.’ Several patients have exhibited general - 
reactions which seemed to indicate a toxic effect of gomenol (Matson = 
Bernou, Serio™). Probably not more than a 10 per cent dilution of ' 
gomenol in the chosen oil should be employed. Good results have been ob- fe 
tained with metaphen, and the Germans generally use iodipin. a 
KX PERIMENTAL OLEOTHORAX Peat 
The various oils injected into the pleural cavity of the laboratory animals oe 
cause quite similar reactions. Tuberculous pleurisy is difficult to obtait - 
experimentally and most of the experiments have been performed on tt — 
infected animals, some on animals with pulmonary disease. Early reports en 
on such experiments showed that the injected oil led to the development 0! ch 
extensive pleural adhesions; though, in patients, oleothorax has been suc om 






cessfully employed to combat this very condition. Oil injected into th 
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virgin pleura frequently causes the formation of an exudate. This effect 
may be valuable in the human case when one wants to thicken and stabilize 
amovable mediastinum. Congestion of the pleura is an early reaction and 
small hemorrhages are not at all uncommon. The membrane becomes in 
filtrated with pus cells and clasmatocytes, the latter phagocyting the oil and 
appearing as large “ foam’ cells and giant cells. Fibrin is deposited into 
and on the pleura and organization of the infiltrated and fibrinous tissue 
soon leads to fibrosis. Vegetable oil becomes emulsified and is carried 
into the lung by way of the dilated lymphatics and in phagocytic cells 
Some of it undergoes lipolytic action here,‘* and some in very finely dis 
persed droplets is carried away in the circulating blood and can be found 
in various organs.'” The absorption of vegetable oils is much more rapid 
than that of mineral oil. The thickened pleural membranes become ad 
herent. Bettini finds that the reaction of the lung to the presence of ab- 
sorbed oil causes a fine pulmonary fibrosis; this may be a factor in healing 
our human cases. 
INDICATIONS FOR OLEOTHORAX 

The principal actions of oil blockage are mechanical, irritative and an 
tiseptic. 

(a) Antisymphysis. When the collapsed lung reéxpands prematurely, 
that is, before the disease process for which pneumothorax has been given 
has healed, all the benefit previously gained is threatened. When the lung 
attaches itself to the diaphragm, creeps out along it and begins to ascend 
the thoracic wall, even increased intrapleural gas pressures may not prevent 
lurther unfolding of the organ. Usually the tuberculous lesions are in 
the upper third of the lung; before this portion has reéxpanded and whik 
here is still a good selective collapse of this diseased part, only the bas¢ 
being attached to the parietal wall, the gas in the pneumothorax pocket may 
alvantageously be replaced with plain paraffin oil. (Figure 1.) 

(b) Compressive. Adhesions may act as guy-ropes, pulling on a re 
axed lung and preventing collapse of a cavity. If it is impossible to sever 
the adhesions or to stretch them out by increasing gas pressures, oleothorax 
or thoracoplasty must be considered. The latter may be impossible on 
account of the state of the opposite lung or the general condition of the 
patient. If the cavity is not too peripheral and if oil pressure can be exerted 
on the lung surrounding it, the pleural pocket is filled with oil and by re- 
peated injections its pressure is gradually increased in an effort to close the 
avity."" When the cavity-bearing apex is widely and diffusely adherent, 


little good can be expected. But if the oleothorax is anterior, the lung 


ling squeezed into the posterior gutter, the chances of success are im 
proved. Some think that oil under pressure is too great a hazard because if 
‘large amount should burst into the lung it might cause suffocation or oil 
eumonia. Under the circumstances mentioned above, i.e., an ineffective 
Mhetumothorax and surgical means contraindicated or impossible, and with 
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the cavity not too peripheral, oleothorax is indicated. Kuss thinks that 
high oil pressure is less dangerous than the fluctuating pressure of hyper- 
tensive pneumothorax. (Figure 2.) 

(c) Antiseptic. When tuberculous empyema develops and the pus con- 
tinues to reform in spite of repeated aspirations and irrigations of the 
pleural sac, the remarkable drying-up action of oleothorax is most satisfac- 
tory. (Figure 3.) Pleural lavage should always be tried first. When the 
empyema is causing grave symptoms, oil has a definite detoxifying action. 
an effect not unexpected after Clerc’s experiments on the neutralizing action 
of gomenolized oil on various exotoxins, the blocking of lymphatics and 
its inhibitory action on acid-fast organisms. Even if the pus reforms, the 
improvement in the patient’s condition may prepare him for collapsing 
operations which he could never withstand during the early period of grave 
tuberculous empyema. Dumarest*' and Bernou warn that oleothorax is 
contraindicated in malignant tuberculous pyothorax because little benefit 
can be expected and time is lost before more radical operations. Some pa- 
tients have been cured, nevertheless.** Primary tuberculous empyema, 1.¢€ 
occurring without previous therapeutic pneumothorax, yields very excellent 
results with this treatment. Some cases of mixed infection by tubercle 
bacilli and other organisms have been cured with oleothorax but better anti- 
septics are available; if oleothorax is employed the use of 20 per cent go- 
menol in oil is recommended. 

(d) Sometimes after sufficiently prolonged pneumothorax, the lung has 
become so fibrous or is so bound by an unyielding pleura that it will not re- 
expand. If air refills are stopped, the lung is drawn toward the thoracic 
wall which becomes greatly retracted and the mediastinal organs are drawn 
wer ar 1 perhaps twisted. Circulatory symptoms and pain or discomfort 
irom the increased negative pressure sometimes result. The onset of this 
distress becomes evident before the lung has reached the chest wall. To 
correct this the operator may choose permanent pneumothorax, oleothorax 
or thoracoplasty. In some cases oleothorax is best 

(e) Bronchopleural Fistula. If the perforation is large, or low in the 
pleural cavity, oleothorax is contraindicated. In fact, many operators 
tefuse oil treatment to any fistulous patient. The best indication is said 
to be suffocating pneumothorax with valvular fistula if attacks recur." 
Bernou *° well expresses the limitations of the use of oleothorax in pul 
monary perforation and advises against it when a number of adhesions hold 
the cavity open, when the perforation connects a cavity with the pleural 
space or when the pleura is thick and the parenchyma dense. He admits its 
usefulness when the pleura is supple and free of adhesions and the lung per- 
lectly compressible. These conditions must seldom occur except when 
pulmonary perforation is due to a needle wound which nearly always heals 
unaided. Some successes have been reported when the opening through 
pleura into lung is minute and intermittent. A very good estimation of 
its size can be made from various signs. The pleural cavity is not filled 
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with oil as in the conditions mentioned earlier but the oil level is kept below 
the level of the fistula, as determined by the usual position of the patient. 

(f) Mediastinal Relaxation. This may interfere with collapse of a 
pulmonary cavity and can be corrected by instilling a small amount of oil 
which usually causes a pleural exudate with resultant thickening and fixation 
of the yielding membrane. Air pressures are then exerted against the lung 
rather than against a mobile mediastinum. 

(g) Other rare and not generally accepted indications have been offered: 
to avoid air refill reactions, to maintain collapse when it is impossible or in- 
convenient for the patient to go for refills frequently, etc. Oleothorax 
demands as much supervision as does pneumothorax treatment and_ the 
patient should be under observation. Small amounts of oil have been in- 
jected along with the first few air refills to decrease the number of serous 
effusions of pneumothorax.*' Unverricht’s * results were decidedly good, 
those of Heise ** fair. 

(h) Non-Tuberculous Diseases. 
plement therapeutic pneumothorax in bronchiectasis. 
been reported in acute pyogenic empyema, and in chronic empyema whet 
the lung fails to expand and decortication is dangerous because of pre- 
existing bronchopleural fistula.** 


Oleothorax has been used to sup 





Some successes have 







TECHNIC 


Without going into many details the institution and conduct of treat- 
ment are based upon experience with collapse therapy. It is usual to test 
the response of the pleura to small doses of oil injected during an ordinary 
refill of air, gradually increasing the doses until the pleural cavity has bee 
filled. 
atmospheric pressure. 
of symptoms and by puncture rather than from roentgenologic evidence 
Refills may be indicated after a month or two up to a year or more. Mineral 
oil is absorbed much more slowly than is vegetable oil. The latter 1s 
chosen, therefore, by some for treating empyema in the belief that the anti- 
Unless it is desirable to main- 






Except in compressive oleothorax the oil pressure is left lower tha 
The need of a refill is determined from the retur 








septic dissolved in it acts more effectively. 
tain the oleothorax permanently (as when thoracoplasty is contraindicated 
or refused ), the oil is removed when the purpose for which it has been given 
Pneumothorax is then resumed because it is easiet 







has been accomplished. 
to control collapse and reéxpansion than with oleothorax. 








COMPLICATIONS 


With the first injections, especially into an uninfected pleura and eve! 
when a few c.c. of oil are used, pleurisy with effusion may occur. Thi 
reaction may be severe and the effusion may become purulent.  Pleuris) 
may develop when the chest is full of oil, causing a high pressure which 


may prove dangerous. Perforation of the lung is the accident which ' 
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most feared. Many of the bronchopleural fistulae discovered during oleo- 
thorax are not due to the oil but were present previously and are revealed 


by the patient’s tasting gomenol whose aromatic quality permits its odor to 


seep through a very small opening which may open and close intermittently 
Flooding of the lung with oil may cause death from suffocation When 
oil escapes into the thoracic wall through careless technic or from ulceration, 
a painful and persistent paraffinoma results. With good judginent in the 
choice of patients and careful technic in giving the treatment, however, 


serious complications are uncommon 


RESULTS 
The table below shows some of the results obtained. They are really 


OLEOTHORAX 


Results 


The. Anti Bronchial 


Indication (Compressive . 
Pyothorax Symphysis agi dln Fistula 


270 cases (8 authors)” 139 94 
Per cent satisfactory 74 71 
alone 0 


Matson,” 100 cases 
Per cent satisfactory 


Complications 


Per cent Matson) 


Pur. effusion 12 recurred 
Bronchial fistula 10 
Cutaneous fistula 10 
Paraffinoma . 0 


good when one considers that many of these patients would not have been 
acceptable for radical thoracic operations and that oleothorax is substituted 
lor pneumothorax when the benefit derived from the latter is threatened 
or in real jeopardy. The best results are those obtained with “ cold,” or 
mild, tuberculous empyema which is not responding to the usual treatment, 
aspiration and lavage of the pleural cavity, and with prematurely reéxpand- 
ing lungs especially when the latter are selectively collapsed. _Pyothorax 
i this table includes both mild and grave cases. Matson’s results are given 
separately as being the best and largest series in American literature. Mat 
son's figures show that there is frequently more than one indication in any 
one patient, for the use of oleothorax Forty per cent of closures ot 
bronchopleural fistulae seems remarkably high. I have not had a single 
success 
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GONORRHEAL SEPTICEMIA AND ERYTHEMA NODOSUM* 


By Henry J. Baxst, M.D., Joun A. Fotey, M.D., and Marion E. LAs, 
Boston, Massachusetts 


SINCE the report of two cases of gonococcal septicemia by Hewes! in 1894 
the publishing of sporadic cases has increased that number to about 150. Onl) 
37 of this number, however, have had as fortunate an outcome as the two cases 
described by Hewes. We have recently had the opportunity of observing 
case of gonococcal septicemia complicated by the presence of erythema nodosum 
The fact that this patient was still entirely well when seen 14 months after his 
discharge from the hospital is, we believe, a source of added interest. 


Case REPORT 


A 42 year old colored porter was admitted to the Boston City Hospital on Decem 
ber 30, 1933, complaining of pain in both legs of about two weeks’ duration. 

Two weeks before admission to the hospital he noticed the onset of symptoms 
which were suggestive of an acute upper respiratory infection. On the following 
day he awoke with aching pains in both legs, and became aware of the presence oi 
large, red, painful areas on both legs. He also complained of fever, chills, nausea 
frequency and nocturia. 

The family and social histories were essentially irrelevant. 

The patient was a widower, his wife having died in 1929. There had been n 
pregnancies, and the cause of her death was unknown to the patient. 

His past history was not remarkable as far as childhood diseases were concerned 
He had no knowledge of having had chorea or rheumatism, and had had no know 
contact with tuberculosis. In 1923 a bullet was removed from his left thigh, and i 
1930 he was admitted to the Boston City Hospital for four days because of an acut 
gastritis following an alcoholic debauch. 

Symptoms referable to the cardiorespiratory or gastrointestinal systems were not 
elicited. He gave a history of gonorrheal infection in 1926, but denied lues by nam 
and symptoms. He weighed 148 Ibs. on admission to the hospital, and his best weight 
had been 154 Ibs. six months previously. 

Physical examination revealed a well developed and well nourished adult negr 
lying quietly and comfortably in bed. The skull, scalp and hair were negative. Th 
ears and eyes were normal. ‘The pupils reacted equally and well to light and distance 
A slight painless swelling of the right side of the upper lip was noted in addition t 
the presence of a small scar on the left side of the forehead. The mouth and throat 
were not remarkable. The neck was negative save for the presence of slight palit 
less adenopathy. 

The thorax was symmetrical and expanded equally and well on both sides 

* Received for publication July 3, 1935. 

From the Fifth Medical Service, Boston City Hospital; the Department of 
3oston University Medical School; and the Mallory Institute of Pathology, Bost 
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ypex impulse was plainly visible at the fifth interspace in the midclavicular line. The 
heart sounds were regular and of good quality. No thrills or murmurs were made 
out. The aortic second sound was slightly more pronounced than the pulmonic second 
sound. The lung fields were clear and resonant throughout with no rales. The 
radial pulses were regular, equal, and synchronous with a rate of 76 per minute. 
The blood pressure was recorded as 128 mm. of Hg systolic and 76 mm. diastolic. 
Examination of the abdomen was negative. No tenderness, masses or spasm 


were made out. The liver, spleen, kidneys and gall-bladder were not palpable. The 


genitalia were normal. Rectal examination revealed the presence of a slightly en 
larged boggy prostate which was moderately tender on digital palpation. Many pus 


ells were seen in a smear of the prostatic secretion, but no organisms were noted 


Small, non-tender, firm glands were palpated in both axillae and both posterior 
ervical chains. 

The reflexes and upper extremities were normal [he lower extremities were 
negative except for the presence of a two-inch scar on the upper and inner aspect 
f the left thigh, which was the result of an old bullet wound lwo round, red, 
painful, indurated and symmetrical lesions about two inches in diameter were noted 
nthe anterior surface of both legs midway between the knees and 

The hemoglobin was 80 per cent (Sahli) he leukocyte count, which was 
3600 on admission, rose steadily until January 17, when it reached a peak of 20,500 
It then slowly declined, and was 8,500 at the time discharge from the hospital 
lhe erythrocyte average count was 4,000,000. The diffe: al smear was not re 
iarkable, and no malarial parasites were seen 

Twenty-seven urine specimens showed a variable reaction with a specific gravity 


ranging from 1.003 to 1.027. Albumin in small amounts was present on four occa 
sions, but sugar was never noted. Microscopic examinatio1 | the sediment revealed 
xcasional white cells, rare red cells, and no casts 

rhe non-protein nitrogen was reported as 42 me rhe Kahn test of his blood 
vas negative. The Widal test was negative The fir blood culture showed a 
Staphylococcus albus contamination. On January 16 the second blood culture was 
reported as having been positive for Micrococcus gonorrhea The next two cultures 
n January 19 and 20 showed no growtlr, but on January 24 a second culture positive 
lor Micrococcus gonorrheae was obtained. On Januar 9 no growth was again 
reported, but on January 31 a third culture positive for Micrococcus gonorrheae was 
btained. The eighth blood culture, taken on February 1, was sterile, and on Febru 
ity 6, Micrococcus gonorrheae was grown from the blood for the fourth time rhe 
ext three blood cultures taken on February 11, March 5, and March 8 showed no 
growth 

All blood cultures were incubated in blood broth. The four positive cultures 
showed a moderate degree of hemolysis at the end of 48 hou When grown ona 
lood agar plate, these organisms were recognized as gray or colorless, 
glistening, moderate sized, non-hemolytic colonies. On dit near, the organisms 
tre tound to be gram negative, biscuit-shaped diplococci of irregular size and 
iriable staining. Agglutination reactions gave a positive result with antigonococcus 
‘trum in a dilution of 1: 400; the same organisms agglutinating with antimeningococ 
us serum in a dilution of 1: 200. Sugar fermentations on ascitic agar with the addi 
on of hormone broth showed the invariable ability of this organism to form acid 
ith dextrose and no change with maltose. On the basis of these findings the 
tganism was considered to be Micrococcus gonorrhea 

On February 9 a skin biopsy taken from one of the nodes on the left leg was 
ultured in blood broth. This culture, after 144 hours of incubation, showed no 
growth. 

Examination of the spinal fluid revealed no abnormal finding lhe stools were 


hegative 
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An electrocardiogram taken on January 30 was reported as showing normal sinus 
rhythm with a rate of 77 per minute. The PR interval was 0.15 second. The 
QRS interval was 0.08 second. T, and T, were upright. T, was low. Left ven- 
tricular predominance was present. 

Roentgenoscopic examinations of the abdomen and chest were negative. 

The patient received very little treatment other than salicylates by mouth 
His frequent chills were accom 


prostatic massage, and an increased fluid intake. 
His spleen Was 


panied by a septic temperature which persisted for eight weeks. 
never palpable nor did he, at any time, develop audible cardiac murmurs. 

By February 22, the fever had subsided, and the skin lesions had cleared entirel 
He was discharged well on March 14, 1934. 

The patient was admitted to the hospital again on April 1935 for the purpose of 
checking his physical condition. As far as could be determined, he was _ periectly 
well at this time, and the complement fixation reaction, which unfortunately had bee: 
omitted during his previous admission, was now negative. 


DISCUSSION 


With Faure-Beaulieu’s * review of 34 cases in 1906, Thayer's * review of 20 
cases at the Johns Hopkins Hospital in 1922, and the more recent surveys by 
McCants,‘ Newman,® and Solomon et al.,® it is seen that the question of gono- 
coccal endocarditis has received periodic and thorough attention. _McCant noted 
100 published cases in the literature up to 1912. Solomon, Hurwitz, Woodall 
and Lamb found an additional 48 cases since then. With few exceptions, thes¢ 
cases have all been of fatal issue. Of the total number of cases reported, ther 
are 10 instances in which the patient survived despite the presence of cardia 
involvement,®: 7!" a mortality rate of approximately 93 per cent. 

It is reassuring to consider that the presence of the gonococcus in the blood 
stream does not always imply so high a mortality rate. Thomas '® and Irons’ 
believe that instances of mild gonococcal sepsis, which ordinarily recover, art 
considerably more common than is usually recognized. Its infrequent demon- 
stration is ascribed to the difficulty in culturing the organism, the relativel) 
small number of organisms in the blood stream in any given case, the ill-defined 
clinical picture, and the failure to recognize a metastatic lesion as evidence of 
possibly demonstrable septicemia.* More recently it has been suggested that an 


intermittent bacteremia makes the isolation of the gonococcus from the bloo 


stream more difficult.’* *% 


A review of the literature reveals 27 reported cases of non-fatal gonococ 
cemia without demonstrable endocarditis.» 17" *°** These cases, in additiot 
to our own, exhibit certain features which are worthy of note. Without excep- 
tion they all represent instances of protracted fever. In several cases the pres 
ence of an enlarged spleen and of a suggestive rash obscured the true diagnosis 
for a time because of the obvious possibility of typhoid fever.** ™ 

Of the 28 recovered cases, 18 patients (including our own) had skin mant- 
festations. These skin lesions demonstrate with admirable accuracy the skit 
manifestations of gonorrhea noted by Leon Perrin *® and Buschke.*’ Eight 
patients had a maculo-papular rash,** ** °% ** *°. *!,85 and two of these had addt- 
tional pustular lesions.** Three (including our own) had erythema nodo- 
sum,” 2° and three patients had a pustular eruption.**: *°*8 Siegal described 2 
pleomorphic papulo-pustular rash with associated hemorrhagic areas." 
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remaining three cases one patient had a macular rash,'* another had a purpuric 
eruption ** and the third had an urticarial type of skin lesion.** 

The simultaneous occurrence of gonococcal septicemia and erythema nodo- 
sum in our patient led us to a consideration of the presence of the latter condi 
tion. Early observers such as Trousseau,*' and later, Lendon,* and others,** 
recognized these skin lesions as a specific infectious disease of unknown etiology. 
Mackenzie * 
acteristics of the rheumatic state. Others observed that erythema nodosum was 


noted that many of his cases of erythema nodosum exhibited char 


often associated with tuberculosis,” and the presence of acid fast bacilli 


was actually noted in histological sections of the nodes.‘ These three con 
ficting points of view in addition to the well supported concept that this disease 


s due to streptococcal infection *?:** still have staunch adherents 


rnberg **:°* looks upon erythema nodosum as an early manifestation of 
tuberculosis and considers it to be an autogenous tuberculin reaction. Wall 


ren °° °® adheres strongly to the possibility of a tuberculous etiology and has 


pointed out the occurrence of epidemics of erythema nodosum in tuberculous 


families. Collis °*-°* recognizes erythema nodosum as a type of hyperactive 
response to different bacterial allergens, and 


tis most commonly due to tuberculous and hemolytic streptococcus endotoxins 


believes that in London, at least, 


Yet, in a not far-removed clinic, Forman and Whitwell,®® although accepting 
erythema nodosum as a reaction of bacterial allergy, insist that the evidence is 
n favor of the tubercle bacillus. Symes,"’:": © another British observer, recog 
nizes-‘two forms of the disease: an acute specific fever of essentially unknown 
ciology, and an allergic form of nodular rash which may be associated with 
theumatic fever and tuberculosis. In this country, Hess and Berman * have 
lemonstrated cases of both the tuberculous and rheumatic variety 

The obvious fact that erythema nodosum has been reported in association 
vith at least 13 other conditions has gone almost wholly unrecognized 

As early as 1887, Bradley ** noted the occurrence of erythema nodosum as 

' 

! 


imanifestation of iodism. This was later supported by Perrin ® in 1892 


Subsequently these skin lesions were noted in association with syphilis,” 


mallpox,®* phlebitis,“ meningococcal, eonococcal ' and pneumococcal 
septicemia,** leprosy,** septic sore throat, scarlet fever,’* the post-in 


fuenzal state,*® chronic ulcerative colitis,’ lympho-granuloma inguinale,*! ultra 
iolet rays,** and rat-bite fever." 

In view of this imposing array of infectious, chemical, and mechanical fac 
lors it seems unreasonable to accept, without qualification, any narrow concept 
i the etiology of erythema nodosum. The evidence in hand seems to agree 
s4 


with the recent views of Goldberg-Curth “* who recognizes an idiopathic type of 


ftythema nodosum, the pathogenic organism of which is unknown, and a symp 
tomatic type which may develop in the course of a wide variety of infectious 
liseases, and as a cutaneous reaction to toxic substances 

In a recent publication [Elwell *’ gives an excellent review of the various 


theories regarding the etiology of erythema nodosum. He also presents an in- 
resting case of erythema nodosum in which the recurrence of the skin lesions 


Was associated with axillary lymphadenitis and dental sepsis. It is his view 


that the syndrome of erythema nodosum expresses a reaction to various bac 
eral allergens, the most important of which is tuberculosis. 
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SUMMARY AND CONCLUSIONS 


1. A case of gonococcal septicemia complicated by erythema nodosum-like 


lesions with eventual recovery of the patient is presented. 


2. The literature on gonococcal septicemia is reviewed. <A _ study of the 
recovered cases reveals an estimated mortality rate of 93 per cent in those cases 
of septicemia suffering from endocardial damage. The presence or absence of 


cardiac damage is an important factor in determining the prognosis. 


3. Skin manifestations of various types in association with gonococcal sep- 
ticemia are seen with sufficient frequency to be regarded as an important diag- 


nostic factor. Although the most common type is a maculo-papular lesion, any 


of the skin manifestations of gonorrhea may occur such as urticaria, hyperemia, 


purpura, and erythema nodosum. 


4. It is probable that the so-called idiopathic type represents a large group 


of patients with symptomatic erythema nodosum in whom the causative factors 
have been overlooked. Any patient presenting the symptom complex of ery- 
thema nodosum requires careful study and investigation, for the lesions maj 
occur in the course of a wide variety of infectious, chemical, and mechanical 
processes. 
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ENTERIC CYSTS * 


By O. B. Mayer, M.D., F.A.C.P., Columbia, South Carolina 


ENTERIC cysts, sometimes called enterogenous or developmental cysts, are 
tr . Their cavity, containing a mucoid sub- 


stance, is usually lined by epithelial cells with an underlying layer of lymphoid 
tissue and smooth muscle. Increasing internal pressure and consequent im 
parment of blood supply may cause localized atrophy or other structural 
hanges. According to Ewing,’ their origin is from some bud or pouch along 
the intestinal tract, and Evans ? believes them to be related to the more common 
iverticula of childhood. The usual location in the ileocecal area may be ex- 
plained by the fact that there is a remnant here of the vitelline duct or yolk sac 
When the proximal end of this pouch remains patent, the result is the typical 
Meckel’s diverticulum. 

Since the first description of Fraenkel * in 1882, Drennen,* Haggard,°® and 
port Bradley and Hoke ® have brought the total number of reported ileocecal cysts 
‘0 twenty-eight. Occurrences elsewhere along the intestinal tract have been re 
ported. Slesinger* found an ileal cyst eight feet from the ileocecal valve, 
\itken * another ileal cyst, McLanahan and Stone ® two cysts in the rectal area, 
29, xX ind Jackson and Ewell ?° one in the mesentery of the transverse colon. These 

‘ttuctures have been found even in the thorax (Salvin,'’ Poncher and Milles '*) 


Tohns 


where they probably arise from mediastinal alimentary tract rests. Hughes 


jones ** reviews 55 cases. 
rhe majority of cases have been in childhood, although cysts have been 
‘ported in both extremes of life. There is no predilection for either sex and 
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there is usually no other developmental defect. Many of the reported ileocecal 
cysts have been small; the larger ones are rarely more than 10 cm. in diameter. 

In the local hospital records of over 80,000 patients no enteric cysts have 
been recorded. In spite of the rarity their clinical importance must be recog- 
nized. They may produce confusing symptoms which simulate intussusception, 
abdominal tumors, cysts of other kinds, appendiceal abscess, and intestinal ob- 
struction. Infantile pyloric stenosis by its projectile vomiting can usually be 
differentiated from other forms of obstruction. The clinical picture in adults 
| may be vague and misleading. In general, the symptoms are those due to 
| mechanical pressure, such as pain and obstipation. Other symptoms, however, 
tT may arise from intracystic infection, or from hemorrhage, or from the weight 
| of a larger mass. In spite of clinical experience, laboratory studies and roent- 
genography, after the discovery of an abdominal tumor the final diagnosis is 
frequently deferred until operative exposure, or even until microscopic studies 
have been made. 


















CASE REPORT 










A 12 year old white boy was first seen in April 1934, complaining of abdominal 
soreness and swelling of two days’ duration. Eighteen months earlier and again two 
weeks earlier he had fallen, causing abdominal pain for a few hours. Both falls 
were considered inconsequential. On examination his doctor had found a large pro- 
tuberance from a tumor in the left upper abdomen. Otherwise, the history was that 
of a sound, hardy boy. 

Examination showed a normal, healthy, afebrile, athletic appearing child, who 
had walked into the hospital. Nothing of significance was found except a tumor 
mass in the left hypochondriac and epigastric regions, which extended to the um- 
bilicus. This was smooth and round, tense, slightly tender and immovable. 

The blood cell counts were normal. The urine contained a trace of albumin, 
and a scant number of hyaline casts. 


























Roentgen-ray report by Dr. T. A. Pitts: “ Fluoroscopic examination of the chest ° 
is negative. The filled stomach is pressed upward by a palpable mass. The stomach 
and duodenal cap are negative. The remainder of the duodenum which partially = 
encircles the mass is extremely narrow and assumes an unusual course. The 
jejunum runs anteriorly and is flattened. The practically empty colon is not outlined. 
The mass is fixed and the distorted outline of the duodenum makes it typical of a 
pancreatic tumor, probably a cyst.” (Figure 6.) 
Glucose tolerance test, with 70 grams of glucose: 
Time Blood Sugar Urine Sugar h 
RNR SED os Ce oa an tags vie weal 100 mg. 0 
ET SIRES ae oe ee ree se ee 154 mg. ss ae if 
Oe OD is i Sg gly oly 156 mg. TT 
on ee ah wis wk’, ghee Sasa e ws a 114 mg. 0 pei 
er 
The pre-operative clinical diagnosis of probable pancreatic cyst was based on ri 
the history of abdominal injury, the location and the apparently rapid development n 
of the tumor, roentgen-ray studies and glucose tolerance test findings. . 
At the operation, performed by Dr. G. H. Bunch, there was found attached to oa 
the upper surface of the transverse mesocolon and situated well under the cardiac — 
end of the stomach, an irregular, large, cystic mass (figure 1), not adherent, pushing ~ 





the stomach upward and the transverse colon downward into the pelvis. Its size 
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and position mechanically widened the duodenal curve, but caused no apparent 
obstruction. The attachment of the mass to the transverse mesocolon was separated 
and the tumor removed intact (figure 2), without disturbing the relationship of the 
viscera and without resection of the gut. 
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ined. Fic. 1. Anterior view of intact cyst. (Inch scale.) 





of a 
. The pathological report by Dr. H. H. Plowden is as follows. Gross descrip 
tion: “ The specimen was a cystic tumor weighing 1,563 grams and measuring 20 
by 14 by 11 cm. Its outer surface was smooth, glistening, and studded with occa- 
sional dense nodules, about 0.5 cm. in diameter. The tumor was quite tense, giving 
the impression of considerable pressure within. 
_ “When the cyst was opened a great quantity of thick, stringy, tenacious mucus 
ola pale, bluish color with occasional white streaks was seen. The inner walls con- 


lormed in shape to the general outside shape, except that toward the point of mesen 
eric attachment a number of low ridges terminated in sharp edges as if they had at 


d on ne time divided the large cyst into a number of smaller ones. This finding suggested 
ment an Originally loculated cyst.” (Figure 3.) 

_ Microscopic description: “ Sections made from various parts of the cyst wall 
ad to “ioW varying structures, apparently depending on the amount of stretching to 
rdiac which the wall has been subjected. The outer surface covering is of flat, pavement 
hing "ke endothelial cells, which correspond to the peritoneal covering. Beneath this is a 


4 lave f th; . . “+347 sc : : . 7 
size yer of thin, loose connective tissue in which are a few small lymphocytes and small 
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blood vessels. The greatest variation of structure is seen in the type of lining cells 
and in the amount uf smooth muscle present. In some areas the lining epitheliun 
is a single layer of low cuboidal cells; in others there are several layers of columnar 
cells; in still others there is a layer of tall columnar cells of the mucus-forming type 
(figure 4). The latter type of cells predominates. In the thinner parts there are 


Fic. 2. Showing mesenteric attachment. (Inch scale.) 


we 


merely fragments of muscle tissue. In some of the thicker areas there 1s 
developed muscle layer made up of inner circular fibers and outer longitudinal fiber 


(figure 5). The histological resemblance to intestine is quite striking. Diagnos’ 


Enteric cyst.” ; 
Convalescence was uneventful and during the 10 months since the operation U* 
boy has been entirely well. 
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Fic. 3. Interior of cyst. Atrophic ridges suggest a loculated-type tumor. 


SUMMARY 


Enteric cysts are rare developmental abnormalities which occur anywhere 
along the alimentary tract although usually in the region of the Sere eee 


sa wel 
al fibers Symptoms are usually manifested in early childhood. ° ’ 
agnosis This example was found in a 12 year old boy after symptoms <<. wo 
| ” duration. pane ee correct diagnosis was made only after microscopic study. 
tion | The unusual features were (1 ) its unusual location in the transverse mesocolon, 

(2) its large size, about one-twenty-fifth of the body weight, and (3) its at- 
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Fic. 4. Section of cyst wall showing single layer of tall columnar cells, many of a goble 
type. (High power.) 
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(Low power.) 


Section of entire cyst wall showing similarity to intestinal structure. 











Fic. 6. Retouched film showing site of cyst. 
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tachment which permitted intact removal without disturbing the adjacent in 
testine. 
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EDITORIAL 








THE MOVEMENT AND DISTRIBUTION OF BODY WATER 


It is now fairly well established that sodium and potassium, the two 
principal basic ions present in the body fluids, have a preponderant influence 
upon the volume and distribution of body water, as well as upon the regu- 
lation of osmotic pressure. Approximately nine-tenths of the total osmotic 
pressure of the body fluids, under normal conditions, is contributed by th 
dissolved electrolytes. Proteins, urea and other organic substances usually 
play a distinctly subordinate rojie. As the contribution of the anions to th 
total osmotic pressure is about equal to that furnished by the bases, and 
varies with them, fluctuations in the concentration and excretion of sodiun 
and potassium are of particular significance. 

About 70 per cent of the mass of the body is composed of water, which 
may be separated into two principal divisions from a chemical point of view 
—the fluid within the cells, and that which bathes the interstitial spaces and 
comprises the various extracellular fluids, including the blood plasma, lymph 
and other bodily humors. Owing to the fact that potassium exists in the 




























fluids of the interior of most cells almost to the exclusion of sodium, and @ ¢ 
that sodium, calculated on the basis of its chemical combining power, or J 
equivalence, accounts for nearly 90 per cent of the bases of the fluids out- @ 
side of the cells, it is often possible to identify the origin of water discharged @ t 
from the body by means of the concentrations of these basic electrolytes J th 
which are dissolved in it. There is good evidence at the present time, al @ ti 
though most of it is indirect, that under ordinary circumstances potassium @ ph 
does not diffuse freely out of the cells and that sodium and chloride do not J t 
diffuse into them. The exact amounts of sodium and chloride which are jj el 
actually present in the intracellular fluids are unknown, but there is reason t ha: 
believe that at least in many types of cells very little of these electrolytes gj am 
occur, if indeed they are actually present at all. Th 
In contrast to the relative immobility of the electrolytes, the body water gm st 

is believed to pass freely in and out of the cell membranes, as required, so ag °Y | 
to maintain an equilibrium of the osmotic pressure throughout the bodygj 5 
fluids. The pattern of the dissolved substances is fairly constant, but ther gj ‘gr 
proper concentrations are stabilized by this shift of water. For the samegi "eer 
reason, an excretion of one or both of these ions must necessarily be ‘lowed the 
by the excretion of water in order that the concentrations in the bod) fluids the 
hue! 





may be maintained at precise level. By studies of the base content of tht 





excreta in disease states, or following the use of diuretic agents, the orig! 


can therefore be surmised. In this manner it has been learned that te 
llow7 
Qik 






dehydration of diabetic acidosis, of severe infantile diarrhea, and | 
ing the use of diuretin are all due to a loss of both extracellular and int 
cellular water. On the other hand, the type present in the condition of heat 
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cramps, as well as that following the use of thyroxin in myxedema, appears 
to be due chiefly to a loss of extracellular water. 

Iluid, however, does not necessarily follow the movement of electrolytes, 
or at least it may not move in the same direction. Mackay and Butler have 
recently reported a disproportionate retention of sodium relative to water 
during the onset of an acute upper respiratory tract infection, and similar 
retention of sodium, analogous to the well known retention of chloride, has 
been reported in pneumonia by Sunderman. Darrow and Yannet, by means 
of ingenious experiments with intraperitoneal glucose, have removed a large 
portion of the electrolytes of the extracellular fluids without any gain or loss 
of water from the body, and have demonstrated the profound dehydration 
and hemoconcentration which results, due to the passage of water into the 
cells to equalize the osmotic relationships. 

A recently studied type of dehydration and resultant hemoconcentration 
and shock, that following the withdrawal of the adrenal cortical hormone 
from adrenalectomized animals, is analogous to the type last mentioned. 
Here a loss of sodium and chloride in the urine is accompanied by a reten- 
tion of potassium, and the loss of water by way of the kidney may be almost 
negligible. In this case, in order to maintain the necessary equality of 
osmotic pressure both inside and outside of the cellular membranes, water 
penetrates from the interstitial fluids into the cells, lowering the electrolyte 
concentration within, while at the same time raising that of the interstitial 
fluids. ‘The consequence, however, is a hemoconcentration, and the symp- 
toms of dehydration and shock which result are practically identical with 
those seen when actual losses of fluids occur from the body. The observa 
tion is of practical interest, since it illustrates anew, the fact that the clinical 
phenomena which are observed as a result of hemoconcentration, dehydra- 
tion, and shock, follow chiefly the loss of extracellular fluids. The intra- 
cellular fluid, as in this case, may actually be augmented in amount, but this 
has no effect upon the dehydration. The body does not lose a significant 
amount of water, but its displacement into the cells renders it ineffective. 
The fact that the volume of extracellular fluids, as estimated on theoretical 
grounds, and as measured by means of the sulphocyanate method introduced 
by Crandell, or by the sucrose and sulphate distribution studies of Leviates, 
isnot large, as compared to the volume of intracellar fluids, may make more 
‘ignificant the loss of smaller amounts of the former than have hitherto 


been appreciated. These measurements would indicate that the volume of 
the interstitial fluids is about 20 to 25 per cent of the body weight, while 


the fluid within the cells themselves may be twice or even three times as 
much. 
G. A. H. 
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millan Company, New York. 1934. Price, $3.00. 


This monograph is a very timely addition to the subject of poliomyelitis. It is 
short and concise and yet is inclusive enough to answer any pertinent question con- 


cerning the disease. The opening chapter gives a short historical review of the 


subject, with especial reference to Heine and Medin, whose names the disease carries. 
Our present knowledge concerning etiology and pathogenesis is briefly outlined in the 
second chapter. 

The pathology of the disease is especially well covered. ‘This presentation is 
based on 96 autopsied cases in the Willard Parker Hospital. About 40 pages are 
devoted to this analysis. The pathology of the reticulo-endothelial system, general 
systemic pathology, and pathology of the central nervous system are discussed under 
separate headings. The interesting work of Burrows on the reticulo-endothelial 
system in poliomyelitis has been more or less corroborated in the authors’ series. 
They, agree to “the initial restriction of the infection to the reticulo-endothelial sys- 
tem.” The pathological changes in the nervous system are discussed in detail with 
ample illustrations. 

The epidemiology of the disease is fully covered. Such factors as geographic 
distribution, climate, incidence, effect of season, and the current theories concerning 
the modes of dissemination are briefly described. 

The chapters on symptomatology, paralysis, laboratory aids, and diagnosis are 
amplified with valuable illustrative cases. The treatment of the disease is discussed 
at length. All methods currently employed are critically analyzed. The opinion of 
the authors is that serum therapy is of little or no value in preventing paralysis. ‘The 
consensus of opinion both for and against serum therapy, however, is discussed. ‘The 
last chapter gives a valuable short outline on the after care of paralysis, and was 
written by an orthopedist, Dr. Garry de N. Hough. A short appendix concludes the 
book. There is an ample bibliography at the end of each chapter, covering 236 titles 
This book can be highly recommended to anyone desiring a concise, authorita- 


tive source of information concerning poliomyelitis. 
J. G. A., JR 





Recent Advances in Allergy. By Grorce W. Bray, M.B., Ch.M., M.R.C.P. xv 
503 pages ; 14.5 X 20.5 cm. P. Blakiston’s Son and Co., Inc., Philadelphia. 1934 


The title “ Recent Advances in Allergy ” applied to this work to make it uniform 
with the other members of the “ Recent Advances ” series, does not express its com- 
pleteness, as it presents a good general historical review of the study of allergic dis- 
ease. The author states that his aim is “to provide in a handy and inexpensive form 
a résumé of our present state of knowledge and the trend of modern research in 
allergy in general, and its individual manifestations in particular.” 

The book is divided into two parts, the first discussing the nature of hyper- 
sensitiveness, the mechanisms of its manifestations in animals and man, and the gen- 
eral factors involved in allergic diseases. The second division takes up the individual 
manifestations of allergy: asthma; hayfever; allergic rhinitis; skin diseases; cerebral 
and gastrointestinal symptoms ; bacterial, physical and drug allergies; serum reactions; 
and hypersensitiveness to animal parasites, fungi, and insects. 

The most serious adverse criticism that might be advanced is that the author, in 
the more practical parts of the book, has written specifically for the English, rather 
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Poliomyelitis ; a Handbook for Physicians and Medical Students. By Joun F. Lan- 
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than the American, practitioner. In such a subject, the geographic distribution of 
offending plants, with their pollinating periods, is of prime importance, and American 
flora have been largely neglected. The author states that he has made no effort to 
present this phase of the subject due to its excellent study in American publications 

In general, “ Recent Advances in Allergy” is quite complete, very well docu 
mented, and, with the above exception, practical. It should provide a useful and 
interesting general view of the subject. 


ie. & & 


Diseases of the Thyroid Gland. By ARTHUR 5, M.D. 348 pages; 
17 X 25cm. C. V. Mosby Co., St. Louis 


his monograph is described by its author as an expression of his own experi- 
ences and impressions in dealing with affections of the thyroid gland. The back 
ground is further described as a small country hospital whose isolation makes the 
investigators more free to follow their own ideas uninfluenced by the opinion of 
associates. It is, therefore, not intended to be either complete or authoritative, and 
what is lost in encyclopedic quality is gained in freshness, originality and interest. 

There are disadvantages in this approach to the subject. Opinions may be 
confused with accepted faets, and important recent contributions seem to have limited 
acceptance by the author. The author, for example, is disinclined to use the classi 
fication of the Society for the Study of Goiter, yet much of his discussion elsewhere 
is argument for this same classification, and his reasons cited for non-acceptance apply 
nearly as aptly to his own classification. 

One may differ with many statements and conclusions, but this difference of 
opinion is stimulating, and reminds us that many convictions are, after all, only 
opinions which may be weakened or strengthene: a good argument 

It is to be regretted that one’s enjoymen | the book is somewhat marred by 
occasional lapses from acceptable English 

In spite of certain handicaps the book will be keenly enjoyed 
ested in diseases of the thyroid gland 
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Objective and Experimental Psychiatry. vy D. Ewen Cameron. 271 
22cm. Macmillan Co., New York 3: re, $3.00 


Feeling a “growing distrust of purely descriptive and intuitive concepts 


human behavior ” and finding it ‘“‘more and more difficult to content (himself) with 


lacts or assertions save where they will withstand experimentation and will not fail 
us on prediction,” Dr. Cameron points out some of the pitfalls of our usual psy- 
chiatric records. He begins by sketching the development of science in general, from 
a collection of animistic myths to a more or less precise array of formulae buttressed 
by objectively demonstrable facts, and stresses the need for a study of human 
behavior from a more detached point of view, affording more demonstrable behavior 
items in the patient and less injection of the observer’s own personality traits. Obser 
vational errors, projectionism (“the attempt to ascribe to the patient the feelings and 
thinking which we consider from our experience he should be entertaining on being 
ed to a given situation”) and conventionalization (the tendency to make the 
of the reaction conform with already delineated concepts) are the greatest 
defects. This thesis, and possible points of attack for experimental methods, are 
developed in the first two chapters. 

[he next 15 chapters survey impartially the literature on: Tests of Intelligence; 
Introversion—Extraversion; Word Association Tests; Conditional Reflexes; Hered- 
ity; Statistics; Blood Sugar Tests; Response to Ephedrin and Adrenalin; Hemo- 
clastic Crisis; Respiratory Center and Schizophrenia; Epilepsy; Basal Metabolism; 
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Blood Pressure; Sedimentation Rate: Hemo-Encephalic Barrier and pH Relations 
to Personality; Constitution, and Pathology, in their relation to the problems of ab 
normal behavior. 

The field is thoroughly covered, with references from 300 odd writers on the 
various subjects. The final chapter is a brief presentation of simple statistical 
methods. It is a well written book of value to psychiatrists because of the validity 
of the writer’s views and the assembled review of material, and to other physicians 
who may be interested in current experimentation on the objective aspects of | 
sonality. 


eT- 


H. M. M. 


Russell A. Hibbs. By Georce M. Goopwin. 136 pages; 15 X 22 cm. Columbia 

University Press, New York, N. Y. 1935. Price, $2.00. 

Everyone who had the good fortune to know Dr. Hibbs will realize how well the 
author of this treatise has portrayed his character. 

Dr. Hibbs was a most striking figure at all times; he spoke with a decisiveness 
that carried conviction, not only by reason of his deep voice and strong face, but also 
because he would “ back-up” his statements with figures that carried authority. He 
was keenly interested in developing young surgeons and was always ready to offer 
counsel, to open pathways for advancement, and to stick by his man; he was 
stimulating personality by example as well as by suggestion. Only a very few knew 
Dr. Hibbs in his lighter moments and it is gratifying to know that he had some real 
fun from extra-curricular activities, as he was usually seen working hard, early and 
late. 

Some of the original surgical procedures that Dr. Hibbs instituted have become 
standard throughout the world and have revolutionized the treatment of certain con- 
ditions. Thousands of patients are indebted to him for these contributions to surgery 
as well as to his own personal efforts for them, as individuals. 

The New York Orthopedic Hospital with its Country Branch is a lasting monu 
ment to Dr. Hibbs and will forever bear witness to his indomitable spirit, wisdom, 
foresight, perseverance and capability. 

The author has written about Dr. Hibbs in a style which flows easily and which 
gives a clear impression of the striking personality about whom he is writing. 

The collection of original papers in the appendix makes the book valuable als 
a reference book, and it might well be added to any surgeon’s library. The two 
tributes preceding the appendix express the feelings of the many who have come into 
intimate contact with this outstanding orthopedic surgeon. 


iS 


Synopsis of Regional Anatomy. By T. B. Jounston, M.B., Ch.B., Professor of 
Anatomy, University of London, Guy’s Hospital Medical School. 3rd Edition. 
Lea and Febiger, Philadelphia. 1935. Price, $4.50. 


This book is intended to be used side by side with prepared or recently-dissected 
specimens, and presupposes a fairly accurate knowledge of each region described. 
Written in concise but distinctly readable form it gives one the impression of a dis- 


secting manual from which the technical instruction and minute detail have been 


at 


omitted. Added are occasional practical points which serve to stimulate the student 
interest in an otherwise rather abstract study. 

Except for that part devoted to the central nervous system it is devoid of illus- 
trations, an acceptable omission in a book of this type, especially as mental pictures 
are best created from the dissected cadaver itself. , 

The nomenclature is the English adaptation of the B.N.A., eliminating many 0! 
the flaws of the previously-used English terminology and including many new sell- 
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explanatory terms which should with few exceptions find their way 
- textbooks. Proper names have been properly excluded 
[his book is especially for the student of gross anatomy. It is 
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into the fuller 


not a practi 


tioner’s book of reference. Put to the purpose for which it is intended it will be a 


1e 
al useful adjunct to the student’s other books of anatomical instruction 
ty M. R. 
ns 
r- Diseases of the Mouth and Their Treatment. By HermMAn Prinz, M.D., and Sic 
MUND S. GREENBAUM, M.D. xiv-+ 602 pages; 16 * 24 cm. Lea and Febiger, 
Philadelphia. 1935. Price, $9.00. 
This is a well written and splendidly arranged text dealing with oral disease 
” The introductory chapters give a comprehensive description of the embryology, 
anatomy and physiology of the oral cavity. Mouth examination is described, includ 
he ing clinical, roentgenographic and microscopic methods. Oral hygiene and dental 
prophylaxis are discussed. 
SS Oral manifestations of local origin, as well as those due to metabolic disturb 
$0 ances, blood dyscrasias, avitaminoses, endocrine diseases, infectious diseases, tropical 
le diseases, parasites, skin diseases, drug eruptions, etc. are all well classified, and de 
er scribed in a systematic and thorough manner. Congenital anomalies, and acquired 
a diseases of the tongue, lips, cheek, palate, salivary glands and floor of the mout 
ow receive adequate consideration. There is a comprehensive classification and descrip 
-al tion of oral tumors and cysts, with methods of diagnosis and treatment. 
nd There is also an interesting discussion of the oral manifestations in functional 
and organic neurologic conditions: dysarthria, tics, local paralyses, neuralgias, etc 
me The closing chapter concerns therapeutic suggestions, such as mouth washes 
m- tooth pastes, ointments and anesthetics 
Ty rhe book throughout is profusely illustrated with photographs and colored draw 
ings. The method of approach, the completeness of description, and wide range of 
iUl- references make this book authoritative in its field 





M. D. 
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GIFTS TO THE COLLEGE LIBRARY 





Acknowledgment is made of the receipt of the following gifts to the © 
Library of publications by members: 






Dr. Clifford J. Barborka (Fellow), Chicago, I1l—1 book, second edition, “ Treat: 
by Diet”; 
Dr. Karl E. Kassowitz (Fellow), Milwaukee, Wis.—1 book, ‘* Around A World On 






Fire 

Dr. David Riesman (Fellow), Philadelphia, Pa., 1 book, “ Medicine in the Middle 
Ages” 

New York Homeopathic Medical College, 1 book, ‘“ Collected Papers of the New York 
Homeopathic Medical College and Flower Hospital,’ containing publications | 
several members of the College; 

Dr. John L. Goforth (Fellow), Dallas, Tex.—1 reprint; 

Dr. George C. Griffith (Fellow), Philadelphia, Pa.—1 reprint; 

Dr. M. B. Marcellus (Fellow), San Francisco, Calif.—1 reprint; 

Lt. Col. S. U. Marietta ( Fellow), M.C., U. S. Army—6 reprints ; 

Dr. Ellen C. Potter (Fellow), Trenton, N. J.—2 reprints; 

Dr. William B. Rawls (Fellow), New York, N. Y.—5 reprints; 

Dr. Charles F. Tenney (Fellow), New York, N. Y.—1 reprint 

















STATE MEETINGS OF COLLEGE MEMBERS 





Connecticut 









The first meeting of the Connecticut members of the American College o1 
sicians was held at the Hartford Hospital, Hartford, Conn., on October 12, 1935 
The meeting was held under the chairmanship of Dr. Henry F. Stoll, Governor ot the 
College for the State of Connecticut. Fiity members of the College were t 
tendance, as were also the College Governors for the New England States, including 
New Hampshire, Maine, Massachusetts and Rhode Island, and also Dr. James 
Miller of New York City, President of the College. A program of clinics was given 
at the Hartford Hospital, beginning at 11 a.m. and lasting until 4:30 p.m. Dr. James 
H. Means, Regent of the College from Boston, conducted a clinical pathologi il cot 
ference in the morning, and Dr. A. M. Burgess, Governor for Rhode Island 
ducted a similar conference in the afternoon. The social aspects of the meeting 
cluded a luncheon through the courtesy of the Avery Convalescent Hospital 



















through the courtesy of the Neuro-Psychiatric Institute and Hospital and net 
at the Hartford Club. Dr. O. G. Kiedman was toastmaster at the dinner. Dr. James 
Alex. Miller, President of the College, delivered an address on College affairs | Di 
Louis Casamajor of New York City delivered an address on “ Interesting Types 
Psychoneuroses Met with During the Current Industrial Depression.” The meeting 
as a whole was one of the most successful ones that has been conducted on behalt | 
the College. 
Virginia 
During the Virginia State Medical meeting held in Norfolk, October 15 to 
a dinner was held with 33 Virginia members of the American College of PI pron 
ynsolidated 






present at the Monticello Hotel, for the purpose of organizing a more c 
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gnit of the Virginia members of the American College of Physicians. At this meet- 
ing Dr. J. Morrison Hutcheson, Governor of the College for Virginia, was elected 
President and Dr. Frederick C. Rinker of Norfolk was elected Secretary. During 
the meeting a motion was carried appointing a committee of three, including the 
President and Secretary, to formulate plans to be presented next autumn at a similar 
linner during the state medical meeting. 


Members of the Medical Club of Philadelphia and graduates of the University 
f Pennsylvania recently honored one of the distinguished members of the American 
College of Physicians, Major General Charles Ransom Reynolds, who has recently 
been raised to the highest rank, that of the Surgeon General, in the medical service oi 
the U. S. Army. General Reynolds graduated from the University of Pennsylvania 
School of Medicine in 1899, and has been in the Medical (¢ rps ot the U. S. Army 
for 34 years, being promoted to his present post last June, when he succeeded Major 
seneral Robert U. Patterson, who is also a Fellow of this College. General Reynolds 
will be responsible for the health and welfare of the men of the Army wherever sta 
tioned and also for the youths of the CCC who have come under the care of the Army 
seneral Reynolds was born in Elmira, N. Y., in 1877, receiving his medical degree 
t the age of 22, and interned at “ Blockley,” the Philadelphia General Hospital 
Shortly after entering the Army, he went to the Philippine Islands, where he pat 
tipated in several battles. After returning to the United States for a short period, 
returned to the Philippines again, where he won the Silver Star for gallantry in 
ction in aiding the wounded in a battle on the Island of Jolo. At the opening of the 
World War he advanced to the rank of Lieutenant Colonel. He went overseas as 


1 


Division Surgeon of the 77th Division of the American Expeditionary Forces, and 


il \ 
participated in the offensives at Aisne-Marne, St. Mihiel and Meuse-Argonne. He 


as awarded the Distinguished Service Medal for rvice in the field and hos 
tals. Since the war, he was in charge of the School nstruction at Carlisle 
Barracks, in Pennsylvania. 

General Reynolds’ first assistant in the Surgeon General's office is another Fellow 
{the College, Brigadier General Matthew A. DeLaney, also a graduate of the Uni 
ersity of Pennsylvania School of Medicine, Class of 1898. General DeLaney also 
sa distinguished record in the Army, having served in the Philippine Islands 
nthe Mexican border and in the World War. He was decorated by the Prince of 
Wales and cited for gallant and distinguished service by Field Marshal Haig. His 
‘itire professional career has been devoted to the Army, except for a few years dut 
gthe Taft administration when he was the White House physician 


Dr. John N. Simpson (Fellow and Governor of 
rgantown, W. Va., has been made Dean Emeritus of 
Ser : a 
1001 of Medicine. 


N. Lindberg (Fellow), medical director and superintendent of the 
‘acon County Tuberculosis Sanatorium, Decatur, IIl., has been reélected (third term) 


Secretary of the Mississippi Valley Sanatorium Association for 1935-36 


The New York Academy of Medicine is conducting its tenth series of Friday 


‘lttnoon lectures, starting at 4:30 o’clock [he following Fellows are participating : 
Nover ber 15: Dr. Thomas T. Mackie, Research Associate. Cornell University 
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Medical College: “ The Diagnosis and Treatment of Intestinal Infections Occurring 
in New York City ”; 

November 22: Dr. Emanuel Libman, Consulting Physician, The Mount Sina 
Hospital: “ Points in Medical Diagnosis ”’ ; 

December 20: Dr. Ralph Pemberton, Professor of Medicine, Graduate School oj 
Medicine, University of Pennsylvania: “The Present Status of Arthritis and th 
Treatment of It”; 

January 3: Dr. Harlow Brooks, Attending Physician, Bellevue Hospital 
“Evaluation of Focal Infections from the Internist’s Viewpoint ” ; 

January 10: Dr. A. S. Blumgarten, Associate Attending Physician, Lenox H 
Hospital: “ Recent Advances in Endocrine Research and Their Value in Clinica 













Practice ” ; 
March 6: Dr. Irving S. Wright, Chief of the Vascular Clinic, New York Pos 
Graduate Hospital: “ Diagnosis and Treatment of Peripheral Vascular Disease.” 








The following Fellows of the College were appointed by the Department of Stat 
of the United States as delegates to the International Congress on Gastro-Enterolog 
held in Brussels, Belgium, during last August: 

Dr. Henry L. Bockus, Philadelphia; Dr. Russell S. Boles, Philadelphia; Dr. M 
Einhorn, New York; Dr. Sara M. Jordan, Boston; Dr. B. B. Vincent Lyon, Phil 
delphia ; Dr. William Gerry Morgan, Washington, D. C.; and Dr. Franklin W. Whit 
Boston. Among other members of the College who were present at the Congres 
were Dr. Samuel Weiss (Fellow) and Dr. Anthony Bassler (Fellow), New Yor 
Dr. William A. Swalm (Fellow) and Dr. Harry M. Eberhard ( Associate), Philac 
phia. The 1937 Congress will be held in Paris. 











Dr. David P. Barr (Fellow), St. Louis, was appointed during September | 
membership on the Council on Pharmacy and Chemistry of the American Med 
Association. Dr. A. J. Carlson (Fellow), Dr. G. W. McCoy (Fellow), Dr. A 
Ivy (Fellow) and Dr. William J. Kerr (Fellow) are members of the Committee ! 
the Protection of Medical Research of the American Medical Association. 








Dr. Willard R. Wirth (Associate) has been appointed assistant professor 
medicine at the Graduate School of Medicine, Tulane University of Louisiana 











Dr. Dwight O’Hara, professor of preventive medicine, Tufts College 
School, Boston, has been appointed by Governor Curley of Massachusetts as a m 
ber of a public health commission to codify the health laws of the State of Massac 


setts, eliminating those which are obsolete and revising others. 














The Medical Society of Virginia held its sixty-sixth Annual Session at Norfo! 
October 15 to 17, under the presidency of Dr. Francis H. Smith (Fellow), Abingd 
Dr. Arthur C. Christie (Fellow), Washington, D. C., and Dr. James E. Paw 
(Fellow and Regent), Atlanta, Ga., were the two guest speakers, whose subject 
“ The Answer of the Medical Profession to State Medicine” and “ The Signi 
and Diagnostic Importance of Pain in Disease,” respectively. Dr. J. Mortis 
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Hutcheson (Fellow and Governor for Virginia) was elected President-Elect and Dr 
C. Lydon Harrell (Fellow), Norfolk, was elected one of the Vice-Presidents. Dr 

Walter B. Martin (Fellow), Norfolk, was el } | 


; elected a delegate to the American Medical 
Association. 


hool of 


na the 


Dr. Hugh S. Cumming ( Fellow) 


“tr 
" ua 
pital 
Spita 


geon G S 


Public Health 
] 


d isolation pavilion 


Dr 


Alfred Stengel ( Master ), Protesso eciicin 
University of Pennsylvania, and Dr. Paul Dudley W1] 

fessor of Medicine at Harvard University Medical | the two invited guests 
on the occasion of the second annual Postgraduate | | 


ate ivy ot the Medical Institute 
University of Toledo, November 8, on tl 


l Oot the 
1 , ' 
the at ; voli 


Assistant P1 


Dr. George R. Maxwell ( Fellow ) 
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ongre Dr. Benjamin H. Orndoff (Fellow 
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hith internationa ongress Of Nadtiology 
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ring September, 


Dr. Bernard T. McGhie (Fellow), 1 


ot the division of hospitals and the depart: 


At the opening exercises of the Uni 
Arbor, Dr. Andrew P. Biddle (Fellow 


), Detri 
legree of Master of Arts, 


‘in recognition 


education and ethics in the medical professi 


Lowell S. Selling ( Associate ) 


Detroit, ha 
*s court of Detroit, to succeed Dr. Isaac L 


Dr. William J. Stapleton (Fellow), Det 
le Wayne University College of Medicine. 


Dy 


Joseph F. Bredeck ( Fellow), 
Healt! 


Association. 
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Arthur Jackson Patek ( Fellow ) 
t the Wisconsin Medical Journa 
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the past autumn. Dr. Patek is a former president of the Medical Society of Mil 
waukee County and also of the State Medical Society of Wisconsin. 


Dr. Charles M. Griffith (Fellow), Washington, D. C., has been elected Pres 
dent of the Association of Military Surgeons of the United States. 


Dr. Roscoe L. Sensenich (Fellow), South Bend, has been installed as Presi: 
of the Indiana State Medical Association for 1936. 


Dr. Edwin W. Gehring (Fellow and Governor for Maine) has been named edit 
of the Maine Medical Journal. 


Dr. David P. Barr (Fellow), St. Louis, has been chosen as a representative 
the St. Louis Medical Society on the newly created Medical-Dental Service Bureau 


A new building for the care of acute cases at the Suffolk Sanatorium, Holtsville, 
N. Y., has been named for Dr. William H. Ross (Fellow), first president of the 


county board of health. 


Dr. Ralph R. Hendershott (Associate), Tiffin, Ohio, was installed as President 
of the Ohio State Medical Association at its annual meeting in Cincinnati during 


October. 


Dr. David Riesman (Fellow), Philadelphia, was installed as President o1 
Inter-State Postgraduate Medical Association at its annual session in Detroit, Oct 
18. 


{ 


Major Raymond O. Dart (Fellow), Washington, D. C., is acting curator 
Army Medical Museum, succeeding Major Virgil H. Cornell ( Fellow ) 


Dr. Wallace M. Yater (Fellow and Governor for the District of Columb 
President of the Washington Society of Pathologists. 


‘ 


in. £. € Carpenter (Fellow), professor ot pathology at Wake Forest (N 


College of Medicine, has been appointed assistant dean of the College. 


Dr. Nathaniel B. Heyward (Associate), Columbia, S. C., has been appointed 
member of the State Board of Medical Examiners for a four-year term 
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DR. AUGUST CAILLE 


Dr. August Caillé (Fellow), New York City, died October 10, 1935, of 
cerebral hemorrhage at the Lenox Hill Hospital; aged, 81 years 

Dr. Caillé was born in Madison, Indiana; attended the New York Col 
lege of Pharmacy, graduating in 1873 with highest honors, and then went 
abroad for the study of medicine at the University of Wurzburg, where he 
graduated in 1877. Dr. Caillé then returned to America and established 
himself in the private practice of medicine in New York City, in 1879. He 


resolved to take an American degree in medicine and enrolled in the College 
of Physicians and Surgeons of Columbia University, and in 1881 received 


the degree of medicine from that institution. 

Dr. Caillé pursued the study and practice of medicine with much ability 
and enthusiasm, and was indefatigable in research, especially in the line of 
children’s diseases, on which subject he had become a recognized authority 
He was appointed Professor of Medicine and Children’s Diseases at the New 
York Post-Graduate Medical School and Hospital in 1888, an appointment 
he held for nearly fifty years. At the time of his death, he was Emeritus 
Professor of Medicine and Pediatrics and Consulting Physician to the 
Babies’ Wards of the New York Post-Graduate Medical School and Hos 
pital, Consulting Physician to the Lenox Hill Hospital, the Sea Cliff Con 
valescent Home for Babies and Isabella Home His connections with the 
Lenox Hill Hospital and the Isabella Home endured for over fifty years 

In the proceedings of many important medical bodies, Dr. Caille’s name 
appears prominently, for he was elected to many responsible offices He 
was an ex-President of the American Pediatric Society, a member of his 
county medical society, the New York State Medical Society and a Fellow 
of the American Medical Association, in addition to being an honorary 
member of the German Medical Society in New York City In the earliest 
annals of the American College of Physicians, Dr. Caille’s name appears as 
amember of its Council. It is further disclosed that he was elected the 
second Treasurer of the College at the end of 1916, serving for some years 
thereafter. 

Dr. Caillé was deputed as the American delegate to the International 
Medical Congress in Berlin. He substantially contributed to the medical 
literature of this country, having published many articles and monographs, 
the majority of which appeared in leading medical periodicals. He intro 
duced Soxhlet’s home sterilization of milk and bottle food for infants to 
the American profession in 1887. He was one of the first in this country 
to practice and teach spinal puncture and stomach washing. He gave the 
first demonstration of O’Dwyer’s method of intubation for croup in Ger- 
many at Frankfort in 1887. He devised a perforated trocar for abdominal 
puncture and an automatic tracheal retractor for facilitating tracheotomy for 
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membranous croup. He suggested permanent drainage for certain forms 
of dropsy, and devised a scratch test for the detection of individuals sensi- 
tized to animal sera. 

He was the author of a comprehensive work on “ Differential Diagnosis 
and Treatment of Disease,” published in 1906, and also of a presentation of 
postgraduate teaching entitled, “ Prevention and Treatment of Disease.” 


DR. PEDRO GUTIERREZ IGARAVIDEZ 


Dr. Pedro Gutierrez Igaravidez (Fellow), San Juan, Puerto Rico, died 
May 24, 1935; aged, 64 years. 

Dr. Igaravidez was born in San Juan, Puerto Rico, August 24, 1871. 
He held the degree of Bachelor of Arts from the Instituto Civil, the degree 
of Bachelor of Science from the Instituto Ensenanaza, Cadiz, Spain, and his 
medical degree from the University of Sevilla, Spain, 1896. He was 
formerly Visiting Physician to the Municipal Hospital of San Juan, Medi- 
cal Director of the Anti-tuberculosis Sanatorium and Member of the Anemia 
Commission (1904), Chairman of the Puerto Rico Anemia Commission, 
1906-10, Director of the Tropical and Transmissible Diseases Service oi 
Puerto Rico, 1910-12, Director of the Institute of Tropical Medicine and 
Hygiene and Chief of the Laboratory Service of the U. S. Base Hospital 
in San Juan. He had done postgraduate work at the Polyclinic Hospital of 
Philadelphia and at the London School of Tropical Medicine in I¢ngland 
He was the author of many published papers. 

Dr. Igaravidez was a member of the Royal Society of Tropical Medicine, 
London; American Society of Tropical Medicine; American Medical Asso- 
ciation; American Public Health Association; National Tuberculosis Asso- 
ciation; Puerto Rico Medical Association, and had been a Fellow of the 
American College of Physicians since 1924. He was formerly Clinical Pro- 
fessor of Tropical Medicine in the School of Tropical Medicine of Puerto 
Rico, conducted under the auspices of Columbia University. At the time 
of his death, he was Chief of the Division of Roentgenology of the Puerto 
Rico Department of Health. 

Dr. Igaravidez was one of the most prominent clinicians of Puerto Rico 
and for many years was a close friend and associate of the late Dr. Baile) 


kk. Ashford. 


DR. MORGAN SMITH 


In the death of Morgan Smith, September 14, 1935, the Stat of 
Arkansas lost not only an outstanding leader of the medical profession, but 
a man who had devoted a large part of his time to the public advancement. 
Although a general practitioner, Dr. Smith gained his reputation in the 
field of pediatrics and had done much to further this branch of medicine in 


the state. 
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A graduate of the medical departments of the University of Arkansas 
and Tulane, he began his practice in Little Rock in 1904. Shortly there- 
after, Dr. Smith became the state director of the Rockefeller Sanitary Com- 
mission for the eradication of hookworm in the South. Out of this com- 
mission evolved the Arkansas State Board of Health, and Dr. Smith was its 
first superintendent. 

In 1913, he was appointed Dean of the medical department of the state 
university and held this position until 1927 when he resigned to resume his 
private practice. It was under Dr. Smith’s régime that the school attained 
its Grade “‘ A’ rating. The pediatric instruction was under his supervision 
from the time of its introduction in the school until his resignation. He 
was a member of the American Academy of Pediatrics 

During his lifetime, Dr. Smith had many honors accorded him. He 
was a past president of the Arkansas Medical Association. He had served 
on the Council of the Southern Medical Association, and at the time of his 
death, he was the president of the Arkansas Pediatric Society. He was a 
Fellow of the College since 1928. 

Entering politics in 1929, Dr. Smith was elected to the Arkansas State 
Senate, and was returned to his seat there for the two following sessions of 
that body. It was while in the Legislature that he sponsored the Basic 
Science Law which is now active in medical licensure in Arkansas. 

The last two years of his life were spent chiefly at his country home not 
far from Little Rock. His health had been impaired by cardiac disease, 
but he was still able to enjoy his many friends and to work among his flowers 
and vegetables. Death came suddenly as he was enjoying his favorite 
avocation, reading. 

A man of imposing personal appearance, jovial disposition, attractive 


personality, a peerless raconteur, a skillful and sympathetic physician and a 
true friend, Morgan Smith made a lasting imprint on the pages of Arkansas 


medicine 
Ouiver C. Metson, M.D., F.A.C.P.. 


Governor for Arkansas 


DR. HARRY WARDWELL CAREY 


Dr. Harry Wardwell Carey (Fellow), Troy, New York, died August 14, 
1935, of coronary thrombosis, aged 60 years. 

Dr. Carey was born in Stamford, Conn., April 15, 1875. He attended 
the schools of his native State and was graduated from Yale University with 
the degree of Bachelor of Arts in 1897 and from Johns Hopkins University 
School of Medicine with the degree of Doctor of Medicine in 1901. He 
became assistant bacteriologist and assistant pathologist to the Bender 
Laboratory for a period of two years. He pursued postgraduate study in 
dermatology at the University of Munich and at the University of Berlin 
during 1903, returning to Troy to engage in private practice and to act as 
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instructor in histology at the Albany Medical College. In 1904 he became 
instructor in surgical pathology and in 1905 instructor in physical diagnosis, 
He was pathologist to the Samaritan Hospital from 1904 to 1930; he organ- 
ized the Society for the Relief of Tuberculosis in 1907 ; he was bacteriologist 
for the City of Troy from 1907 to 1926; physician-in-charge of the Lake- 
view Sanatorium, 1912 to 1916; director of the Social Hygiene Clinic 
(municipal) from 1919 to 1931; pathologist to the Troy Hospital, 1925 to 
1927, and to the Cohoes Hospital from 1927 to 1930. He was attending 
physician to the Samaritan Hospital from 1930 to the time of his death. 
As a matter of fact, his death occurred while he was making his rounds at 











the Samaritan Hospital. 

Dr. Carey was a member of the Rensselaer County Medical Society and 
the New York State Medical Society. He was a Fellow of the American 
College of Physicians since 1931, and a Fellow of the American Medical 
Association. He was the author of many published articles and of a book 







entitled ‘‘ Bacteriology for Nurses.”’ 






















Dr. Carey’s whole career was marked by an enthusiastic interest 1n pre- | 
ventive medicine. One of his earliest efforts in Troy was to build up a 
campaign against tuberculosis. He succeeded in establishing an institution t 
for the treatment of tuberculosis and was named its first supervising physi- \ 
cian. As a result of this, the Pawling Sanitarium was later established t 
It was said that the death rate in Troy from tuberculosis is but a small frac- a 
tion of that of thirty years ago. Dr. Carey exerted wide influence in other 
preventive measures such as cancer control, milk inspection, etc. In spite 0 
of his varied public activities, he conducted an extensive private practice, 
until his health compelled him to confine it largely to office and hospital work Ca 

c] 
H 
ISAAC LOUIS POLOZKER we 

Isaac Louis Polozker (Fellow) was born in Grodno, Russia, October = 
24, 1873. At the early age of five he determined to become a physician, = 
being influenced by four uncles—all members of the medical profession . 
In 1889 he came to the United States, completed a course at the City College = 
of New York and then moved to Detroit—graduating from the Detroit ws 
College of Medicine in 1897. He returned twice to Europe to study, doing 7 
postgraduate work in psychiatry at the University of Vienna. = 

Dr. Polozker was early interested in pediatrics and contributed numer pen 
ous published articles in that specialty. Later he became interested in psy- ba 
chiatry and became Psychiatrist to the Recorder’s Court, Detroit. His "9 
long experience in general practice brought to his work in the Psychopathic “9 
Clinic a rich equipment of experience, particularly useful in the evaluation oa 





of criminality. 
Dr. Polozker was a Professor of Clinical Psychiatry at Wayne Univer 
sity and College of Medicine, Detroit; Psychiatrist at the Eloise Hospita 
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for Mental Diseases; Director of the Psychopathic Clinic of the Recorder’s 
Court; Neuropsychiatrist at St. Mary’s Hospital; Member of the Wayne 
County Medical Society, Detroit Medical Group, Detroit Neurological So- 
ciety, Michigan State Medical Society; Fellow of the American Medical 
Association, the American Psychiatric Society, American Teacher’s Society 
and the American College of Physicians. 

On August 21, 1935, he passed away suddenly with coronary thrombosis. 
He is survived by his widow, the former Florence Higer, whom he married 
in 1919. 

J. FRANK Kitroy, M.D. 


DR. ADOLPH H. NAHMAN 


Dr. Adolph H. Nahman (Fellow), San Francisco, Calif., died Septem 
ber 21, 1935; aged 58 years. 

Dr. Nahman was born in Poland, and received his preliminary colleg« 
education at the University of Warsaw. He then entered Northwestern 
University Medical School, Chicago, from which he received his medical 
degree in 1909. After graduation, he went to San Francisco, interned at 
the Southern Pacific Hospital and thereafter became associated with the 
Mount Zion Hospital, where he attained the position of senior associate of 
the medical department and chief of the outpatient department. He was 
amember of the San Francisco County Medical Society, California Medical 
\ssociation and the American Medical Association, and had been a Fellow 
of the American College of Physicians since 1926 

Dr. Norman Epstein, in the Bulletin of the San Francisco County Medi 
cal Society, has written: ‘‘ A great doctor has passed. <A kindly, pleasant, 
cheerful soul who knew no hours, no creeds, no caste when the sick called. 
He gave of his remarkable ability and rich store of knowledge to poor and 
wealthy alike. . . . Dr. Nahman truly typified the family physician. He 
entered the homes of his patients as a friend and advisor. He thoroughly 
knew and understood his people and their peculiarities. He personally 
supervised and attended upon every technical procedure done upon his pa- 
tients... . As an exponent of the sadly neglected art, bedside medicine, he 
had no equal. His personal and detailed close observation, combined with 
comforting and rational therapy based on an alert understanding of every 
advance in modern medicine, instilled confidence. He spent his life in study 
and work and attained a perfection in clinical medicine which is rarely 
reached. . . . Dr. Nahman’s interests were not exclusively confined to 
medicine. His devotion to his family was a prominent feature of his life. 
He loved music, and his hobbies were photography and gardening. He 


traveled widely and was much interested in general human affairs. To 


those who knew him his memory will ever endure 
H. Lisser, M.D., F.A.C.P., 


Governor for northern California. 
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DR. EMIL JOSEPH SUSSLIN 


Dr. Emil Joseph Susslin (Associate), Bridgeport, Conn., died July 9 
1935, of subacute bacterial endocarditis ; aged, 37 years. 


Dr. Susslin was a graduate of the University of Vermont, 1921. His 
At the time of hi 


internship was at the Bridgeport (Conn.) Hospital. is 
death, he was Attending Physician to the Englewood Hospital and Assistant 
Physician at the Bridgeport Hospital. He was a member of the Bridgeport 
Medical Society, the Fairfield County Medical Society, the Connecticut State 
Medical Society and the American Medical Association. He became an 
Associate of the American College of Physicians during 1928. 





